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Project  Title:  Biochemical  studies  related  to  nutrition. 

Principal  Investigators:  Drs.  J.  G.  Bieri,  M.  R.  Spivey  Fox,  S. 

Krishnaraurthy,  M.  E.  Reid  and  J.  N.  Williams, 
Jr. 

Other  Investigators:  Misses  E.  L.  Andrews,  A.  Jasik  and  Mr.  W.  J. 
Ludwig 

Cooperating  Units:  Dr.  H.  A.  Barker,  Department  of  Agricultural 

Biochemistry,  University  of  California,  Berkeley, 

California 
Dr.  H.  H.  Weissbach,  Laboratory  of  Clinical 

Biochemistry,  NHI 
Dr.  R.  L.  Kisliiik,  LME,  NIAMD 

Dr.  L.  Von  Sal  1  man.  Ophthalmology  Branch,  NINDB 
Dr.  C.  E.  Anderson,  Department  of  Biochemistry, 

University  of  North  Carolina,  School  of  Medicine, 

Chapel  Hill,  North  Carolina 
Dr.  L.  Laster,  Clinical  Investigations,  NIAMD 
Drs.  H.  Dam,  I.  Prange  and  E.  Sj^ndergaard, 

Department  of  Biochemistry  and  Nutrition, 

Polytechnic  Institute,  Copenhagen,  Denmark 

Man  Years  (calendar  year  I960) : 
Total:        9-1/2 
Professional:  k 
Other:       5-I/2 

Project  Description: 

Objectives:  To  determine  the  nutritional,  biochemical  and  physio- 
logical role  of  essential  nutrients  for  experimental  animals.  To  define 
the  metabolic  function  of  certain  nutrients  and  to  study  interrelationships 
among  these  nutrients. 

Methods  Employed:  Rats,  chicks,  and  guinea  pigs  are  fed  specially 
prepared,  highly  purified  diets  that  contain  adequate  amounts  of  each 
nutrient  known  to  be  required  by  the  particiilar  species.  The  effects  of 
specific  deficiencies  and  imbalances  axe  assessed  by  measxirement  of 
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physiological,  chemical  and  enzymological  changes  in  the  animal,  its  tissues, 
and  excreta.  In  cooperation  with  members  of  other  laboratories,  the 
relationship  of  nutrition  to  other  scientific  areas,  such  as  neurology  and 
pathology,  is  studied. 

Lfa,jor  Findings; 

A.  Metabolism  and  function  of  fat-soluble  vitamins  and  related  substances. 

1.  Vitamin  E  and  Selenium.  An  analytical  method  for  chromatographically 
separating  a-tocopherol  from  the  imsaponifiable  fraction  of  animal  tissues, 
and  its  qusjititative  estimation,  was  developed.  The  method  is  sensitive  to 
two  micrograms  of  a-tocopherol  and  can  be  applied  to  as  little  as  0.4  gram 

of  tissue.  Ubiquinone  (coenzyme  Q)  can  also  be  determined  during  the 
procedure. 

2.  Continuation  of  studies  of  the  metabolic  function  of  vitamin  E  in 
the  chick  have  further  substantiated  the  concept  that  its  primary,  and 
probably  exclusive  role,  is  that  of  a  tissue  antioxidant.  By  means  of  an 
in  vitro  test  system  which  determines  the  susceptibility  of  tissue  unsatur- 
ated  lipids  to  undergo  autoxidation,  it  was  shown  that  the  tissue  lipids  of 
animals  depleted  of  vitamin  E  readily  -undergo  peroxidation.  This  can  be 
prevented  by  adeq.uate  dietary  levels  of  the  vitamin  or  of  other  antioxidants. 
By  this  same  technique,  it  was  found  that  the  feeding  of  selenite  res-ulted 
in  an  antioxidant-like  action  in  liver,  heart  and  kidney.  Dietary  cystine 
had  a  similar  effect  on  muscle.  These  observations  provide  the  first  experi- 
mental evidence  for  a  possible  mechanism  by  which  selenium  and  cystine  under 
some  circumstances  replace  vitamin  E. 

In  nutritional  studies,  it  was  shown  that  the  antioxidant  ethoxyquin 
will  completely  replace  vitamin  E  in  the  chick  and  prevent  all  symptoms 
produced  by  a  deficiency  of  the  vitamin  in  this  species .  It  was  gilso 
observed  that  the  chick  has  a  very  limited  capacity  to  store  the  biologically 
active  form  of  selenixm. 

B.  Metabolism  and  function  of  vitamin  B-^   and  folic  acid. 

1.  Vitamin  Bi2-  It  was  shown  earlier  that  a  high  intake  of  dietary 
fat  coupled  with  a  borderline  level  of  methionine  were  essential  for  produc- 
tion of  a  severe  deficiency  of  vitamin  B12  in  the  chick.  In  addition  to 
poor  growth,  an  impaired  metabolism  of  histidine,  as  indicated  by  a  high 
urinary  excretion  rate  of  formiminoglutamic  acid  (FIGLU),  occurred. 
Administration  of  either  vitamin  B12  or  methionine  restored  the  chicks  to 
normal  by  each  criterion.  Addition  of  1^  methionine  to  the  diet  caused  an 
Immediate  drop  in  FIGLU  excretion  to  insignificant  levels.  The  complete 
methionine  molecule  is  required  for  this  since  no  effect  has  been  observed 
with  homocystine,  cystine,  choline  or  betaine.  Thymidine,  which  can  replace 
vitamin  B22  in  certain  circumstances,  also  did  not  influence  FIGLU  excretion 
when  incorporated  at  levels  of  0.1  or  I5&  of  the  diet. 
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UiacLer  o\xr   conditions,  the  high  dietary  fat  level  was  essential  to 
cause  the  poor  growth  of  the  vitamin  Btp  deficient  chick;  however,  chicks 
that  were  fed  the  same  diet  except  that  the  fat  content  was  reduced  to  k'f, 
also  excreted  large  amounts  of  FIGLU.  When  chicks  were  transferred  from 
the  low  to  the  high  fat  diet,  FIGLU  excretion  was  not  increased.  Thus  a 
high  dietary  fat  intake  is  not  important  in  exaggerating  this  manifestation 
of  vitamin  B12  deficiency. 

There  is  groid.ng  evidence  from  these  experiments  that  vitamin  B-io  is 
fimctioning  not  only  in  the  neogenesis  of  the  methyl  group  of  methionine 
but  also  in  the  transfer  of  methyl  groups  from  betaine  to  homocystine.  The 
latter  has  been  shown  in  acute  and  long-term  experiments  in  which  the  require- 
ment for  methionine  was  accentuated. 

2.  Folic  Acid.  Various  analogs  of  folic  acid  have  been  useful  in 
elucidating  metabolic  fixnction  and  in  treatment  of  disease.  Recently  Dr. 
Kisliiik  was  successftil  in  converting  some  of  the  folic  acid  analog  antago- 
nists to  their  tetrahydro  derivatives,  which  are  more  closely  related  to 
the  enzymatically  active  species  of  the  vitamin.  When  tetrahydroamethopterin 
was  injected  into  chicks  that  had  been  maintained  on  a  folic  acid  deficient 
diet  for  two  weeks,  the  adverse  effects  of  this  compound  upon  weight  and 
mortality  were  considerably  greater  than  those  with  amethopterin.  The 
toxicity  of  both  antagonists  was  reversed  by  simultaneously  injected 
pteroylglutamic  acid;  tetrahydropteroylglutamic  acid  was  still  more  effective 
in  reversing  the  toxicity. 

C.  Study  of  changes  at  the  cellular  and  enzymatic  levels  associated  with 
prolonged  deficiency  of  dietary  protein. 

Dr.  J.  N.  Williams,  Jr.  is  studying  the  effect  of  a  prolonged  dietary 
protein  deficiency  on  the  changes  in  the  composition  of  the  liver  of  rats. 
Within  10  days  after  the  animals  were  put  on  the  protein  free  ration,  they 
began  to  show  changes  some  of  which  progressed  throiighout  the  J2   days  of 
the  experiment.  The  niimber  of  cells  in  the  liver  was  estimated  from  the 
concentration  of  deoxyribonucleic  acid.  On  this  basis,  the  number  of  cells 
per  unit  weight  of  liver  almost  doubled  after  72  days  of  protein  deficiency. 
This  change  was  primarily  a  reflection  of  inanition  and  not  of  protein 
deficiency  per  se  since  the  same  change  was  shown  by  the  animals  fed  a 
complete  diet  in  amounts  equal  to  that  consumed  by  the  protein  deficient 
rats.  The  nitrogen  content  of  the  individual  liver  cell  in  the  protein 
deficient  group  was  reduced  to  6o^  of  that  in  the  rats  fed  a  complete  diet 
on  an  ad  libitum  basis;  the  comparable  value  for  the  pair-fed  controls  was 
85^.  The  total  number  of  liver  cells  in  the  protein  deficient  and  pair-fed 
control  animals  showed  a  progressive  reduction  throughout  the  72  day  period 
to  70^  of  the  ad  libitum  controls.  The  ratio  of  liver  weight  to  body 
weight  increased  markedly  in  the  protein  deficient  rats  while  little  change 
occurred  in  the  pair-fed  controls. 

The  deprivation  of  dietary  protein  should  influence  the  animals' 
ability  to  synthesize  the  enzymes  involved  in  energy  transformations.  To 


Serial  No.  NIAMD-LME-1 

evaluate  this  proposition.  Dr.  Williams  determined  the  activity  of  the 
individual  components  of  the  succinic  oxidase  system  in  his  protein 
deficient  rats.  The  activity  of  succinic  oxidase  and  succinic  dehydrogenase 
per  liver  cell  decreased  to  one-half  of  normal  by  the  10th  day  of  the  protein 
deficiency.  Thereafter  the  cells  appeared  to  resynthesize  these  enzymes 
so  that  "by  the  end  of  the  experiment  their  activities  were  about  75?^  of 
normal.  Throughout  the  study,  there  was  no  change  in  the  antimycin  A- 
sensitive  activity  (a  measure  of  the  flow  of  electrons  between  cytochromes-b 
and  ci)  or  of  cytochrome-c  concentration  within  each  cell.  About  85^  of 
the  cytochrome  oxidase  activity  was  lost  from  the  cell  after  k6   days  on  the 
protein  deficient  diet.  In  spite  of  the  large  reduction  in  the  cytochrome 
oxidase  activity,  there  was  still  siifficient  enzyme  to  maintain  succinic 
oxidase  activity  at  a  high  level.  These  studies  indicate  that  each  individual 
enzyme  of  the  same  mitochrondrial  system  responds  differently  to  a  protein 
deficiency. 

D.  Studies  of  lipids. 

Plasmalogens  comprise  a  group  of  phospholipids  which  give  rise  to  a 
long  chain  aldehyde,  a  fatty  acid,  glycerol,  a  base  and  phosphoric  acid  on 
acid  hydrolysis.  Previous  work  by  Drs.  Carl  E.  Ajiderson  (Visiting  Scientist) 
and  Williams  indicated  that  liver  contains  an  enzyme  which  splite  the  vinyl 
ether  linkage  by  which  the  aldehyde  is  attached  to  the  plasmalogen.  To 
facilitate  this  work,  a  method  was  devised  for  the  separation  of  the  plas- 
malogens from  other  aldehydogenic  compounds  in  the  lipid  extract.  Silicic 
acid  chromatography  imder  special  conditions  proved  satisfactory  for  this 
procedure.  With  this  technique  in  hand,  it  is  now  possible  to  proceed  with 
the  enzymatic  study. 

E.  Production  of  gliadin- induced  steatorrhea  in  the  albino  rat. 

Coeliac  disease  is  characterized  by  the  occurrence  of  steatorrhea.  In 
many,  if  not  all,  patients  suffering  with  this  disease  the  removal  of  wheat, 
rye  and  barley  products  from  the  diet  causes  the  steatorrhea  to  subside 
markedly.  It  has  been  shown  in  studies  of  human  subjects  that  gliadin,  a 
protein  conrponent  of  wheat  is  the  major  offending  substance  in  this  grain. 
Of  some  of  the  symptoms  produced  in  people  by  gliadin  could  be  induced  in 
laboratory  animals,  study  of  the  etiology  of  the  disease  could  be  greatly 
expedited.  It  has  been  reported  by  Ribiero  et  al.  that  feeding  wheat  gluten 
to  rats  increases  fecal  lipid.   (Ribiero  et  al. ,  Metabolism,  6:  378  (1957)). 
The  differences  between  experimental  control  animals,  however,  were 
sufficiently  small  as  to  warrant  a  re-evaluation  of  this  work.  Thus,  using 
the  possible  production  of  steatorrhea  as  an  indication  of  whether  symptoms 
can  be  produced  in  albino  rats  by  feeding  gliadin,  methods  have  been  worked 
out  to  follow  total  fecal  lipids  upon  feeding  gliadin  as  a  part  of  the 
protein  in  a  synthetic  ration.  Existing  routine  methods  for  fecal  lipids 
are  rather  nonspecific  in  that  total  fat  is  usually  measured  without  allow- 
ing a  study  of  individual  lipid  components.  It  was  felt  that  if  streatorrhea 
could  be  induced  in  the  rat  by  feeding  gliadin,  it  would  be  well  to  study 
more  of  the  lipid  picture  of  the  feces  than  simply  total  fat.  Thus  far,  a 
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single,  routine  method  has  teen  worked  out  by  which  total  lipid,  phospholipid 
and  total  cholesterol  are  extracted  completely  into  a  single  lipid  extract. 
The  extracts  can  then  be  used  to  measure  any  of  these  fecal  lipid  components. 

F.  Nutritional  studies  with  guinea  pigs. 

The  guinea  pig  has  a  higher  requirement  for  dietaiy  protein  than  most 
other  laboratory  animals  as  shown  by  the  work  of  Dr.  Mary  E.  Reid  (Guest 
Worker).  Maximum  rates  of  growth  were  secured  when  the  diet  contained  35^ 
of  protein  either  as  casein  or  as  a  purified  soy  protein.  Good  growth  was 
also  secured  when  the  diet  contained  20^  protein,  provided,  the  casein  was 
supplemented  with  1^  L-arginine  or  the  soy  protein  with  0.5^  DL-methionine . 
These  studies  suggest  that,  as  far  as  growth  is  concerned,  the  guinea  pig 
has  a  high  requirement  for  certain  amino  acids  and  not  for  protein  per  se. 
Evidence  is  alto  being  accumulated  by  Dr.  Reid  that  as  the  level  of  dietary 
protein  is  increased,  the  ratio  of  the  weights  of  the  liver,  testes  and 
spleen  to  body  weight  increases. 

Significance  to  KIAMD  Research;  A  more  complete  understanding  of  the 
nutrition,  biochemistry  and  metabolism  of  essential  amino  acids,  proteins, 
vitamins,  minerals,  fatty  acids  and  unidentified  factors  in  different  living 
organisms  can  be  expected  to  contribute  still  f^lrther  to  ovcc   knowledge  of 
the  roles  of  these  essential  nutrients  in  human  beings.  It  is  well  established 
that  the  nutrition  of  man  plays  a  role  in  the  etiology  of  many  degenerative 
and  metabolic  diseases,  certain  infectious  and  neurological  diseases  and  some 
types  of  cancer.  Basic  studies  in  nutrition  and  biochemistry  of  nutrients 
may  provide  the  means  to  prevent  or  cure  some  of  these  diseases. 

Proposed  Course  of  Project;  Efforts  will  be  further  directed  along 
the  lines  of  seeking  the  specific  biochemical  mechanisms  responsible  for  the 
changes  observed  in  the  whole  animal. 


Part  B  included:  Yes 
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Part  B:  Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

Bieri,  J.  G.,  and  Anderson,  A.  A.  Peroxidation  of  lipids  in  tissue  homogen- 
ates  as  related  to  vitamin  E.  Arch.  Biochem.  Biophys.  9O:  105-110, 
i960. 

Bieri,  J.  G.  Current  aspects  of  vitamin  A,  vitamin  E,  and  selenium  in 
poultry  nutrition.  World's  Poultry  Sci.  J.  I6:  2^5-258,  1960. 

Sj&ndergaard,  E.,  Bieri,  J.  G.,  and  Dam,  H.  Firrther  observations  on  the 

effects  of  selenium  and  antioxidants  on  exudative  diathesis  in  chicks. 
Experientia  (in  press). 

Bieri,  J.  G.  The  natiire  of  the  action  of  selenium  in  replacing  vitamin  E. 
Am.  J.  Clin.  Nutrition  (in  press). 

Bieri,  J.  G.,  Pollard,  C.  J.,  Prange,  I.,  and  Dam,  H.  The  determination  of 
a-tocopherol  in  animal  tissues  by  column  chromatography.  Acta  Chem. 
Scand.  (in  press). 

Fox,  M.  R.  Spivey,  and  Briggs,  G.  M.  Salt  mixtures  for  pxorified-type  diets. 
III.  An  improved  salt  mixtture  for  chicks.  J.  Nutrition  72:  2^+3-250, 
i960. 

Fox,  M.  R.  Spivey,  Ludwig,  W.  J.,  Barker,  H.  A.,  and  Weissbach,  H.  Vitamin 
B12  activity  of  5^  6-dimethylbenzimidazolylcobamide  coenzyme  for  the 
chick.  Proc.  Soc.  Exp.  Biol.  Med.  m^:     lh^~lk8,   I960. 

Williams,  Jr.,  J.  N.  Enzymes  of  transmethylation.  Ifexidbuch  von  Hoppe-Seyler- 
Thierf elder.  Band  VI  (in  press),  I96O. 

Williams,  Jr.,  J.  N.  Betaine  aldehyde  dehydrogenase.  Handbuch  von  Hoppe- 
Seyler-Thi erf elder.  Band  VI  (in  press),  I960. 

Williams,  Jr.,  J.  N.  Response  of  the  liver  to  prolonged  protein  depletion. 

I.  Liver  weight,  nitrogen  and  deoxyribonucleic  acid.  J.  Nutrition 
(in  press). 

Williams,  Jr.,  J.  N.  Response  of  the  liver  to  prolonged  protein  depletion. 

II.  The  succinic  oxidase  system  and  its  component  enzymes,  J.  Nutrition 
(in  press). 
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Reid,  M.  E.,  and  Von  Sallman,  L.  Nutritional  studies  with  the  guinea  pig. 
J.  Nutrition  70:  329-336,  19^0. 

Von  Sallman,  L. ,   Reid,  M.  E.,  Grimes,  P.  A.,  and  Collins,  E.  M.  Tryptophan- 
deficiency  cataract  in  guinea  pigs.  A.  M.  A.  Arch.  Ophthamol.  62: 
662-672,  1959. 

Honors  and  Awards  relating  to  this  project: 
Invited  lectures: 

J.  G.  Bieri: 

February,'  I3  -  for  the  University  of  Aarhus,  Denmark. 

l-Iarch  22  -  two  lectures  for  the  University  of  Madrid,  Spain. 

March  23  -  for  the  University  of  Zaragoza,  Spain. 

April  21  to  May  1  -  to  present  work  on  vitamin  E,  selenium,  and  other 
research  of  niutual  interest.  Specifically,  Cambridge,  Reading,  University 
of  Liverpool,  England  and  University  of  Amsterdam,  Holland. 

May  3  -  for  the  University  of  Turku,  Finland. 

14ay  h  -   for  the  Uiiversity  of  Helsinki,  Finland. 

May  10  -  for  the  Agriciiltviral  College  of  Norway  in  Vollebekk,  Norway. 

l>Iay  21  to  May  28  -  to  participate  in  the  International  Syraposiiun  on 
Vitamin  A  at  Basel,  Switzerland. 

November  7  and  8  -  for  a  symposium  on  "Fionction  and  Metabolism  of  Fat- 
Soluble  Vitamins"  at  the  University  of  Illinois. 

Dr.  J.  G.  Bieri  accepted  a  Fulbright  Award  which  covered  traveling  • 
expenses  to  Copenhagen,  Denmark  to  work  with  Prof.  Henrik  Dam,  Nobel  price 
winner  and  world  authority  in  the  biochemistry  and  nutrition  of  vitamins  in 
the  Department  of  Biochemistry  and  Nutrition,  Polytechnic  Institute. 
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Project  Title:  Diabetes — effect  of  hormones  on  metabolism  of  fat  and 
carbohydrates . 

Principal  Investigators:  Drs.  R.  0.  Scow  and  S,  S.  Chernick 

Other  Investigators:  Dr.  A.  Robert  (Visiting  Scientist,  since  August, 
i960) 

Cooperating  Units:  Dr.  M.  Rodbell,  laboratory  of  Cellular  Physiology 
and  Metabolism,  NHI 
Dr.  E.  Simon  (Visiting  Scientist)  Laboratory  of 
Biochemistry  and  Metabolism,  NIAMD 

Man  Years  (calendar  year  i960): 
Total:        6 
Professional:  2 
Other:        k 

Project  Description: 

Objectives:  To  determine  the  influence  of  hormones  and  other  factors 
on  the  metabolism  of  fat  and  carbohydrate  in  normal  and  diabetic  animals. 

Methods  Employed:  The  experimental  animals  are  deprived  of  one  or 
several  of  the  endocrine  glands  and  are  then  treated  with  various  hormones. 
The  effects  of  the  above  eire  studied  in  vivo  and  in  vitro  using  conventional 
and  isotopic  techniques. 

Major  Findings:  The  study  of  factors  that  produce  and  control  ketosis 
has  been  continued.  It  was  found  ear3J.er  that  in  "totally"  pancreatectomized 
rats  the  only  hormone  needed  for  development  of  ketosis  when  insulin  was 
withheld  for  at  least  17  hours  was  a  glucocorticoid;  growth  hormone  was 
without  effect.  However,  in  diabetic  rats  recently  treated  with  insulin, 
growth  hormone  was  necessary  for  the  ketogenic  action  of  the  glucocorticoid. 
Both  a  glucocorticoid  and  growth  hormone  are  necessary  for  ketosis  in  fasting 
pregnant  rats.  Insiilin  administration  quickly  suppressed  ketosis  in  both 
fasting  pregnant  and  diabetic  rats.  From  the  above  studies  growth  hormone 
appeared  to  act  as  a  ketogenic  agent  by  overcoming  the  last  bit  of  insulin 
activity  but  this  effect  occxirred  only  when  the  amount  of  insulin  in  the 
tissues  was  probably  very  low. 
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During  the  last  year  these  findings  have  been  confirmed  in  the  rat 
made  diabetic  by  administration  of  phloridzin.  It  was  foimd  that  either 
insulin  administration  or  nephrectomy  prevented  the  development  of  ketosis. 
These  findings  suggest  that  the  ketosis  in  phloridzin-treated  rats  is  the 
result  of  an  insulin  lack  and  that  the  latter  occ\ars  only  if  the  animal 
loses  glucose  through  the  kidneys.  By  studying  hypophysectomized  and 
adrenalectomized  rats,  it  was  found  that  both  a  glucocorticoid  and  growth 
hormone  are  necessary  for  the  development  of  severe  ketosis  in  the 
phloridzin-diabetic  rat.  Although  the  ketone  body  concentrations  in  the 
blood  exceeded  kO  rnQ.'fo,   there  was  no  accumiilation  of  triglycerides  in  the 
liver  and  blood.  This  is  in  contrast  to  the  findings  in  pancreatectoraized 
rats. 

The  diabetogenic  effect  of  mannoheptulose,  a  seven  carbon  sugar 
isolated  from  the  avocado,  was  reported  by  E.  Simon  and  P.  F.  Kraicer  in 
1957 •  During  the  past  year,  the  mechanism  of  action  of  this  sugar  has  been 
studied  in  collaboration  with  Dr.  Simon  (Visiting  Scientist).  The  findings 
described  below  strongly  suggest  that  mannohepttilose  acts  in  the  pancreas 
by  blocking  or  suppressing  the  release  of  insulin  in  response  to  the 
concentration  of  glucose  in  the  blood.  The  possibility  that  mannoheptulose 
may  also  increase  the  amount  of  glucose  in  the  blood  by  accelerating  hepatic 
release  of  glucose  or  by  increasing  gluconeogenesis  has  not  been  ruled  out. 

Mannoheptulose,  400  mg.  injected  subcutaneously,  immediately  increased 
the  glucose  and  ketone  body  concentrations  in  blood  in  fasting  rats.  At 
two  hours  the  blood  glucose  was  200  mg.^  and  the  blood  ketone  bodies,  21 
mg.^.  There  was  no  effect  on  the  blood  fats  (phospholipids,  cholesterol 
and  triglycerides).  The  hyperglycemia  and  hyperketonemia  began  to  wane  at 
two  hoiars  when  the  concentration  of  marmoheptulose  was  less  than  kO   mg.^. 
One-half  hour  after  injection  the  latter  was  125  mg.^. 

Sedoheptulose,  an  important  intermediary  of  the  phosphogluconate 
OSCi dative  pathway,  is  the  isomer  of  m^jonoheptulose .  Sedoheptulose  was 
tested  to  determine  if  it  might  have  a  diabetogenic  effect.  It  was  found 
that  sedoheptulose,  400  mg.  s.c,  only  slightly  raised  the  blood  glucose 
and  lowered  the  blood  ketone  bodies,  an  effect  not  unlike  that  seen  when 
glucose  alone  was  given.  The  concentration  of  the  heptulose  in  the  blood 
at  various  times  after  injections  was  the  same  as  that  for  mannoheptulose. 

Glucose  given  alone,  9OO  mg.  by  stomach  tube,  increased  the  blood 
glucose  and  decreased  the  blood  ketone  bodies  of  fasting  rats.  When 
glucose  was  given  with  mannoheptulose,  the  increase  in  blood  glucose 
concentration  was  greatly  augmented.  The  blood  ketone  bodies  however, 
were  unchanged  until  the  blood  concentration  of  mannoheptulose  was  less 
than  ko   mg.^.  Then  they  were  decreased  to  the  low  level  found  when  glucose 
alone  was  given. 
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InsTolin,  1  unit  injected  subcutaneously,  immediately  decreased  the 
amoimt  of  glucose  and  ketone  bodies  in  the  "blood  of  fasting  rats.  The 
same  effect  was  seen  in  rats  injected  with  both  insulin  and  mannoheptulose . 
These  findings  indicate  that  exogenous  insvilin  can  prevent  the  action  of 
mannoheptulose.  Furthermore,  it  shows  that  the  latter  has  no  effect  on 
insvilin  activity. 

Studies  were  made  in  pancreatectomized  rats  to  determine  if  the 
diabetogenic  action  of  mannoheptulose  occurred  in  the  absence  of  the  pancreas, 
The  rats  were  studied  17  to  20  hours  after  pancreatectomy.  In  one  experi- 
ment the  rats  were  treated  with  insulin  three  hours  before  mannoheptulose 
administration  in  order  to  lower  the  blood  glucose  and  ketone  bodies  to 
normal  levels.  Mannoheptulose,  in  both  experiments,  had  no  effect  on  the 
course  of  diabetes. 

If  the  kidneys  are  removed,  mannoheptulose  remains  in  the  blood  for  at 
least  2k  hours.  At  k   hours  after  injection  the  concentration  was  350  mg.^^ 
and  at  2k  hours,  220  mg.'^.  The  mannoheptulose  treated  rats  at  2k   hours  had 
a  blood  concentration  of  glucose  of  1,200  mg.^;  NPN,  300  mg.^;  and  ketone 
bodies,  ik  mg.'fo.     The  values  in  nephrectomized  controls  were  100,  l6o,  and 
8  respectively.  It  was  siirprising  that  the  blood  ketone  bodies  were  not 
higher  in  the  mannoheptulose  group.  Since  nephrectomized- pancreatectomized 
rats  also  failed  to  develop  ketosis,  it  is  likely  that  removal  of  the  kidneys 
was  the  suppressing  factor. 

Insulin  lack  seems  to  be  the  precipitating  cause  of  ketosis  in  all  four 
types  of  animals  studied.  In  pancreatectomized  rats  the  source  of  insulin 
has  been  removed.  In  the  other  groups  this  conclusion  must  be  based  on  the 
assumptions  that  (l)  the  pancreas  is  continuously  secreting  insulin  when 
the  blood  glucose  is  at  or  above  the  fasting  level,  that  (2)  the  very  low 
blood  glucose  concentrations  which  develop  in  fasting  pregnant  rats,  by  loss 
of  glucose  to  the  fetuses  and  in  phloridzin- treated  rat's,  by  loss  of  glucose 
through  the  kidneys,  would  fail  to  stimulate  insulin  secretion  and  that  (3) 
mannoheptulose  can  block  the  response  of  the  islet  cells  to  the  blood  glucose 
level. 

A  technique  for  infusing  the  pancreas  in  situ,  which  would  greatly 
facilitate  testing  the  above  hypotheses,  is  being  developed  in  the  rat. 
After  removing  the  spleen  and  all  of  the  pancreas  except  that  which  receives 
its  blood  supply  from  the  splenic  artery,  a  very  fine  polyethylene  tube  was 
inserted  into  a  small  branch  of  this  artery  near  the  aorta.  The  tube  was 
placed  so  that  the  tip  slightly  projected  into  the  lumen  of  the  splenic 
artery.  Various  solutions  were  then  injected  slowly  into  the  blood  flowing 
to  the  remaining  pancreas.  Unfortunately,  the  results  obtained  so  far 
indicated  that  the  injected  material  was  not  mixing  with  the  blood  and 
consequently  only  a  small  portion  of  the  pancreas  was  being  infused.  An 
attempt  is  being  made  to  correct  this  difficulty. 
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The  project  to  perfuse  isolated  adipose  tissue  is  progressing  very 
nicely.  The  small  perfusion  apparatus  devised  by  Long  and  lyons  is  used 
to  propel,  filter  and  oxygenate  the  blood.  After  working  with  adipose 
tissue  from  various  parts  of  the  rat,  it  has  been  decided  to  use  a  long 
finger  of  fat  attached  to  the  mesometrium.  Only  a  few  minutes  are  required 
to  excise  the  tissue  and  attach  its  main  artery  and  vein  to  the  apparatus. 
Several  problems  have  been  encountered,  such  as  hemolysis,  blood  clotting 
in  the  apparatus  and  edema  in  the  perfused  tissue.  All  except  the  last 
have  been  overcome.  This  preparation  will  be  used  to  study  hormonal 
effects  on  the  metabolism  of  fat  and  glucose  by  the  adipose  tissue. 

Fat  metabolism  in  the  perfused  liver  has  been  studied  in  collaboration 
with  Dr.  M.  Rodbell.  Triglyceride  was  administered  as  an  artificial 
emulsion  of  cotton  seed  oil  and  was  labelled  with  C-l^J-  tripalmitin.  The 
disappeararice  of  C-l4  triglyceride  from  the  perfusate  was  concentration 
dependent  to  the  saturation  level  of  T-^  l-ieq.  of  triglyceride  ester  per  gm. 
per  hour.  The  C-l4  removed  from  the  perfusate  was  recovered  as  liver  lipids 
(60  to  90^),  ketone  bodies  (ll^)  and  CO2  (2^).  In  the  liver  the  distribu- 
tion of  C-l4  in  neutral  lipids,  other  than  tripalmitin  and  phospholipids 
was  about  equal.  Both  the  Kupfer  and  parenchymal  cells  removed  the 
triglyceride  from  the  perfusate  without  de-esterification.  The  parenchymal 
cells  accounted  for  75  "to  8o^  of  the  activity  in  the  liver.  The  presence 
of  labelled  neutral  lipids  and  phospholipids  in  the  perfusate  suggests 
that  these  lipids  are  "secreted"  by  the  liver  to  the  blood. 

Significance  to  NIAMD  Research;  Alterations  in  fat  metabolism  are 
prominent  not  only  in  diabetes  but  in  obesity.  The  primary  aspect  of  fat 
metabolism  being  studied  in  this  project  is  concerned  with  the  mobilization 
of  fat  from  the  fat  stores  and  its  fate.  The  site  and  mode  of  action  of  the 
hormones  involved  are  being  studied  in  whole  animals  and  in  isolated  organs 
and  tissues. 

Proposed  Course  of  Project;  Investigation  of  the  effects  of  honnones, 
especially  insulin,  glucocorticoids,  and  growth  honnone,  on  the  metabolism 
of  fat  and  carbohydrate  in  the  perfused  liver  and  the  perfused  adipose  tissue 
will  be  continued. 

Earlier  studies  in  this  project  showed  that  removal  of  intravenously 
injected  ketone  bodies  (D  (-)  beta  hydroxybutyrate  and  acetoacetate)  was 
retarded  by  pancreatectomy  and  that  insulin  restored  the  rate  in  the 
diabetic  to  normal.  Since  insulin  lack  and  administration  may  have  altered 
the  rate  of  endogenous  ketogenesis  during  the  test,  experiments  axe  in 
progress  to  evaluate  the  latter.  If  insulin  does  affect  the  rate  of  ketone 
body  utilization  by  peripheral  tissue,  it  may  help  to  explain  many  of  the 
studies  with  "ketosis"  and  "ketogenic"  hormones. 


Part  B  included:  Yes 
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New  York,  278-29k,   I96O. 

2.  Scow,  R.  0.,  and  Chernick,  S.  S.  Hormonal  control  of  protein  and  fat 
metabolism  in  the  pancreatectomized  rat.  Recent  Progress  in  Hormone 
Research  I6:  497-545,  i960. 

3.  Chernick,  S.  S.  Developmental  and  homeostatic  aspects  of  adipose 
tissue  metabolism.  In  "The  Development  of  Homeostatis"  proceedings  of 
the  Symposia  of  the  Czechoslovak  Academy  of  Sciences,  (in  press). 

h.     Chernick,  S.  S.  Production  and  measvirement  of  ketone  bodies.  In 
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Project  Title:  Studies  on  germ-free  and  obese  animals. 

Principal  Investigators:  Drs.  F.  S.  Daft,  0.  Mickelsen,  R.  S.  Yamamoto, 

and  Mr.  E.  G.  McDaniel 

Other  Investigators:  None 

Cooperating  Units:  Drs.  L.  Sokoloff,  G.  L.  Laqueur,  and  L.  L.  Ashbiom, 
Laboratory  of  Pathology  and  Histochemistry,  NIAMD 
Dr.  Stanley  Levinson,  Walter  Reed  Array  Medical 
Research  Center 

Man  Years  (calendar  year  I96O) : 
Total:       12-1/2 
Professional:  h 
Other:        8-1/2 

Project  Description: 

Objectives:  To  determine  the  nutritional,  biochemical,  and  physiologi- 
cal characteristics  of  germ- free  animals;  to  study  the  physiological  and  bio- 
chemical changes  associated  with  obesity  in  experimental  animals;  to  study 
experimentally  a  condition  (Minamata  disease)  associated  with  the  ingestion 
of  sea  food  from  a  special  area  in  Japan;  to  study  the  nutritional  require- 
ment of  rabbits. 

Methods  Employed;  Germ-free  rats  and  guinea  pigs  are  maintained  on 
diets  of  known  composition  in  sterile  tanks .  Their  growth,  blood  picture ; 
and  other  physiological  functions  are  studied  at  various  times  after  they 
have  been  started  on  the  special  diets.  Germ- free  animals  are  inocvilated 
with  single  strains  of  bacterium  to  determine  the  organisms  responsible  for 
various  phenomena  seen  in  conventional  animals. 

Both  rats  and  mice  have  been  mated  and  different  strairis  of  each 
species  crossbred  to  determine  the  genetic  characteristics  associated  with 
the  capacity  of  the  animal  to  become  obese. 

Cats  and  chicks  have  been  fed  diets  to  which  were  added  a  number  of 
samples  of  Japanese  sea  food.  This  sea  food  was  secured  from  the  bay  around 
which  the  patients  with  Minamata  disease  lived.  The  brain  and  organs  of  the 
animals  were  examined  histologically  and  some  organs  and  diet  samples  were 
analyzed  for  mercviry  and  other  compounds. 
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Three-veek-old  rabbits  have  been  fed  pvirified  diets  deficient  in 
thiamine  with  and  vrLthout  a  thiamine  antagonist.  Urine  and  fecal  samples 
have  been  tested  for  thiamine  throughout  the  lives  of  the  animals  and 
when  the  animals  were  sacrificed,  thiamine  analyses  were  carried  out  on 
brain,  liver,  caecal  contents  and  a  n^jmber  of  other  tissues. 

Major  Findings; 

1.  Germ-free  animals.  Continued  work  with  the  germ-free  guinea  pig 
has  resulted  in  development  of  diets  which  give  reasonably  good  growth, 
but  the  enlargement  of  the  caecum  is  still  a  major  problem.  Sin*gical  removal 
of  a  part  of  the  caecum  on  the  day  of  caesarean  delivery  appears  to  be 
helpful  in  limiting  the  size  of  this  organ  but  more  time  is  necessary  for 
final  evaluation  of  the  procedure.  A  number  of  materials  have  been  fed  in 
an  attempt  to  supply  factors  which  may  be  missing  from  or  destroyed  in  the 
sterilized  diets.  These  have  included  raw  fresh  eggs,  whole  human  blood, 
raw  fresh  tissues  from  germ-free  rats  and  fecal  material  from  germ-free 
rats.  There  is  an  indication  that  fecal  material  may  actually  aggravate 
the  enlargement  of  the  caecum.  It  is  known  that  these  animals  routinely 
practice  coprophagy  and  therefore  this  practice  may  contribute  to  the 
caecal  enlargement.  Work  is  now  being  done  to  try  to  produce  an  enlarged 
method  of  prevention  may  be  more  easily  studied. 

Studies  have  been  continued  relating  to  the  prevention  of 
coprophagy  in  rats.  The  device  which  was  developed  in  this  laboratory  has 
been  shown  to  be  very  satisfactory.  Experiments  have  been  conducted  to 
determine  the  effects  of  prevention  of  coprophagy  upon  intestional  flora, 
caecal  size  and  certain  vitamin  requirements. 

Experiments  were  continued  to  study  the  development  of  dietary  liver 
cirrhosis  and  necrosis  in  conventional  and  germ- free  rats.  It  has  been 
possible  to  produce  both  cirrhosis  and  necrosis  in  germ-free  rats.  There 
was  observed  a  rather  marked  strain  difference  in  that  Wistar  rats  were 
more  susceptible  than  Sprague-Dawley,  Selenium  appears  to  have  a  protective 
effect  in  this  necrosis. 

Experiments  were  done  to  study  vitamin  A  deficiency  in  germ-free  rats. 
Marked  liver  damage  and  some  type  of  neurological  disturbance  were  observed 
in  the  germ-free  rats  but  not  in  the  conventionals, 

lipid  deposits  have  been  observed  in  the  lungs  of  germ-free  rats 
which  appear  to  be  related  in  some  way  to  diet. 

Experiments  are  being  done  to  study  development  of  vitamin  deficien- 
cies in  the  germ-free  mouse.  If  it  is  shown  that  this  animal  is  suitable 
for  germ-free  nutritional  studies  then  it  is  possible  to  use  larger  numbers 
of  animals  within  the  available  space.  It  is  of  further  importance  in  that 
the  supply  of  germ-free  mice  is  ustially  more  dependable  than  that  of  germ- 
free  rats. 
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An  inexpensive  individual  isolator  has  "been  developed  whicti  can  be 
made  in  the  laboratory  in  large  numbers  id.th  materials  which  are  readily- 
available.  The  use  of  this  type  of  isolator  has  made  possible  studies  of 
the  effects  of  controlled  infections  which  would  otherwise  be  too  time 
consuming  to  undertake. 

It  has  been  shown  that  a  folic  acid  deficiency  which  develops  in 
germ-free  rats  can  be  prevented  by'  controlled  infections  of  single  strains 
of  bacteria. 

2.  Obesity.  The  weights  of  the  adrenal  glands  of  the  obese  rats 
were  1.5  times  those  of  the  lean  rats.  The  larger  adrenals  contained  higher 
concentration  of  neutral  fat  and  vitamin  C.  The  concentration  of  phospho- 
lipid and  cholesterol  were  similar  in  both  groups  though  the  cholesterol 
content  was  significantly  higher  in  the  adrenals  of  the  obese  rats.  There 
was  an  increased  excretion  of  17-ketosteroid-like  substance  in  the  urine 
upon  fasting  by  the  obese  male  rats.  The  female  obese  rats  did  not  show 
this  increase  even  after  fasting.  The  periphery  plasma  corticosterone 
levels  of  the  obese  rats  were  higher  in  the  obese  rats  than  in  the  lean  rats. 

The  pure  strains  of  the  Sprague-Dawley  and  of  the  KIH  Black  rats 
become  obese  when  fed  a  high  fat  diet.  A  hydrid  strain  of  Sprague-Dawley 
and  EIH  Black  rats  did  not  become  obese  on  the  same  high  fat  diet.  The 
body  composition,  organ  weights,  plasma  lipids  and  liver  compositions  of 
these  lean  hybrids  were  the  sane  whether  they  were  fed  high  or  low  fat 
diets.  These  rats  regulated  their  csiloric  intake  regardless  of  the  fat 
content  of  the  diet.  Though  the  fat  intake  was  greater  with  higher  levels 
of  fat  in  the  diet,  these  rats  excreted  1  to  2^  of  the  fat  intake  in  their 
feces . 

Genetic  study  of  obese  (STR/1N)  and  lean  (DBA/2JN,  A/LN)  strains  of 
mice  in  relation  to  plasma  and  liver  lipid  concentrations,  hemoglobin 
concentration  and  hematocrit  is  being  conducted  at  the  present  time.  The 
body  weight  and  total  plasma  lipid  levels  of  obese  mice  (STR/1N)  were  i»-3»5 
gra.  and  1211  mg.^,  respectively;  lean  mice:  DBA/2JN,  32  gm,,  and  80^+  mg.^; 
and  A/LR,  28  gm.,  and  568  mg.^.  The  difference  was  mainly  in  the  neutral 
fat  concentration.  F2_,  F2,  back-crosses,  and  reciprocal  crosses  between 
STR/IN  and  the  other  two  strains  suggest  that  obesity  and  high  plasma  lipid 
appear  to  be  dominant  and  also  demonstrated  the  absence  of  sex  influence  on 
body  weight  and  plasma  lipid  concentration.  Further  analysis  on  the  other 
plasma  lipid  fractions  and  liver  components  are  being  processed.  The 
fasting  blood  glucose  levels  of  all  inbred  strains  and  their  hybrids  ranged 
from  75  to  120  mg.56. 

Hemoglobin  concentration  and  hematocrit  of  the  inbred  STR/IM  strain 
of  mice  were  lower  than  those  of  the  A/LN.  In  contrast  to  the  body  weight, 
A/LN  mice  had  higher  values  of  hemoglobin  concentration  and  hematocrit 
levels.  These  high  values  appear  dominant  in  the  STR/M  and  A/W  hybrids. 
In  aH   groups,  the  hemoglobin  concentration  was  directly  related  to 
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hematocrit.  The  hemoglobin  concentration  and  hematocrit  levels  of  the 
DBA/2JW  v?ere  similar  to  those  of  the  STR/lN  strain,  therefore,  it  was 
difficult  to  analyze  the  crosses  between  these  two  strains. 

3.  Rabbits.  It  has  been  reported  that  rabbits  on  a  thiamine-free 
diet  do  not  develop  thiamine  deficiency.  Twenty  fovir  3  to  ^-week-old 
white  rabbits  were  used  in  the  study.  Twelve  animals  were  given  pyrithiamlne 
(0.5  rag.^)  in  the  diet.  Pyrithiamine  did  not  cause  weight  loss.  Eighty 
six  percent  (6  out  of  7  animals)  on  a  +  pyrithiamine,  thiamine-free  diet 
developed  neiirological  symptoms  beginning  on  the  l8th  day  of  the  antagonist. 
Four  of  these  animals  expired  within  2k  hours.  The  two  remaining  animals 
were  given  intraperitoneally  thiamine  with  dramatic  response. 

There  was  a  significant  difference  in  urinary  thiatuine  between  the 
two  groups,  ITiose  receiving  pyrithiamine  had  an  increased  thiamine  excre- 
tion. Fecal,  caecum,  and  liver  thiamine  did  not  change.  Brain  thiamine 
was  significantly  lower  in  the  antagonist  group, 

k,     Minamata  disease.  Little  work  has  been  done  on  this  project 
during  the  past  year.  VJhat  was  done  was  an  attempt  to  see  if  there  was 
any  reduction  in  the  level  of  sulfhydryl  groups  in  the  livers  or  brains  of 
the  chicks  poisoned  with  either  the  toxic  sea  food  from  Japan  or  inorganic 
mercury.  Preliminary  results  showed  no  change  in  the  concentration  of 
sulfhydryl  groups  in  any  of  the  animals.  There  is  the  possibility  that  the 
chick  which  develops  symptoms  of  mercury  poisoning  so  much  faster  than  the 
cat  may  be  suffering  from  an  acute  poisoning  and  consequently  may  show 
biochemical  changes  only  in  the  areas  and  parts  of  the  tissues  that  are 
affected.  These  areas  will  be  removed  by  the  pathologist  and  then  examined 
biochemically  in  ovr   futiire  work. 

Significance  to  KIAI>ID  Research;  The  work  with  the  germ-free  animals 
will  give  us  a  better  understanding  of  the  relation  between  the  animals ' 
intestinal  flora  and  its  physiological  reactions  both  to  dietary  nutrients 
and  to  other  factors.  The  work  with  the  germ-free  animals  emphasizes  the 
importance  of  nutrition  in  long-term  studies.  There  is  some  suggestion 
that  the  failures  in  reproduction  which  occur  after  a  certain  number  of 
generations  is  partly  attributable  to  a  dietary  inadequacy. 

The  studies  on  the  inheritance  of  the  tendency  to  become  obese  may 
provide  a  rational  basis  for  the  study  of  the  factors  that  make  it  difficult 
for  some  people  to  control  their  body  weight  while  others  in  the  same  family 
have  no  such  difficulty. 

It  is  hoped  that  the  studies  of  Mnamata  disease  may  relate  the 
pathological  lesions  which  occur  in  the  animals  with  biochemical  alterations 
in  the  tissues. 

Proposed  Course  of  Project;  Efforts  will  be  continued  to  determine 
the  factors  responsible  for  the  enlargement  of  the  caecum  in  the  germ-free 
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animals.  These  studies  -will  be  extended  to  include  histological  and 
■biochemical  studies  of  the  caeca. 

The  vork  with  the  obese  animals  will  be  extended  to  determine  the 
biochemical  and  enzymatic  changes  that  are  associated  with  the  development 
of  obesity. 

It  is  anticipated  that  the  work  on  Minamata  disease  will  be  concluded 
early  in  the  coming  year. 


Part  B  included:  Yes 
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PHS-KIH 
Individual  Project  Report 
Calendar  Year  i960 


Part  B:  Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

Fitzgerald,  R.  J.,  and  McDaniel,  E.  G.  Dental  calculus  in  the  germ- free 
rat.  Arch.  Oral  Biol.  2:  239-21K),  i960. 

McKhann,  G.  M,,  Albers,  R.  W.,  Sokoloff,  L.,  Mickelsen,  0.,  and  Tower,  D.  B. 
The  quantitative  significance  of  the  gamma-aminobutyric  acid  pathway 
in  cerebral  oxidation  metabolism.  In  "inMbitions  of  the  Nervous 
System  and  7-Aminobutyric  Acid"  Pergamon  Press,  New  York,  I69-I81, 
i960. 

Mickelsen,  0.  The  effect  of  high  calcium  intakes — Introduction.  Federation 
Proc.  18:  1075-1076,  1959. 

Mickelsen,  0.  Public  health  aspects  of  food  additives.  The  New  Jersey 
Public  Health  News,         I960. 

Mickelsen,  0.  and  J.  M.  Hundley  The  xmderfed.  In  "The  Revolution  in  the 
Aioerican  Diet"  Coliambia  University  Press,  New  York, 

Silverstein,  E.,  Sokoloff,  L.,  Jay,  G.  E^,  Jr.,  and  Mickelsen,  0.  Thyroid 
function,  osteoarthritis  and  epiphyseal  closixre  in  various  strains  of 
mice.  Am.  J.  Physiol.  Ig9:  209-211,  I960. 

Silverstein,  E.,  Sokoloff,  L.,  Mickelsen,  0.,  and  Jay,  G.  E.,  Jr.  Thyroid 
function  in  various  strains  of  mice:  T/S  ratio,  PBI  and  thyroid 
weight.  Am.  J.  Physiol.  ^:  203-208,  I960. 

Silverstein,  E.,  Sokoloff,  L. ,  Mickelsen,  0.,  and  Jay,  G.  E.,  Jr.  Primary 
polydipsia  and  hydronephrosis  in  an  inbred  strain  of  mice.  Am.  J. 
Pathology  38:         Febriiary,  I96I. 

Silverstein,  E.,  and  Yamamoto,  R.  S.  Sex  difference  in  lipid  content  of 
the  adrenals  glands  in  mice.  Proc.  Soc,  Exp.  Biol.  Med.,  (in  press). 

Sokoloff,  L.,  Mickelsen,  0.,  Silverstein,  E.,  Jay,  G.  E.,  Jr.,  and  Yamamoto, 
R.  S.  Experimental  obesity  and  osteoairthritis .  Am.  J.  Physiol.  I98; 
765-770,  i960. 

Tucker,  R.  G.,  Mickelsen,  0.,  and  Keys,  A.  The  influence  of  sleep,  work, 
di-uresis,  heat,  acute  starvation,  thiamine  intake,  and  bed  rest  on 
human  riboflavin  excretion.  J.  Nutrition  72:  25I-26I,  i960, 
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Yamamoto,  R.  S.,  and  Okuda,  K,  Absorption  and  tissue  concentration  of 
vitamin  Bjj^   in  obese  rats.  Proc.  Soc,  Exp.  Biol.  Med.,  104;  225- 
228,  i960. 


Honors  and  Awards  relating  to  this  project: 
None 
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1.  Nutrition  &  Endocrinology 

2.  Nutrition 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  I960 


Part  A. 

Project  Title:  Effect  of  dietary  phosphates  on  dental  caries  in 
children. 

Principal  Investigators:  Drs.  I.I.  Ship  and  0.  Mickelsen 

Other  Investigators:  Drs.  F.  J.  McClure,  R.  C.  Likins,  I.  Zipkin, 
A.  L.  Russell,  and  Mr.  C.  L.  White,  NIH 
Dr.  H.  Schraer,  The  Pennsylvania  State  University 
Drs.  B.  Bosley,  G.  E.  Waterman,  and  Miss  H.  G. 

Olson,  Division  of  Indian  Health 
Misses  M.  Talcott  and  B.  Wenberg,  South  Dakota 
State  College  of  Agriculture  and  Mechanic  Arts 

Cooperating  Units:  Division  of  Indian  Health 

Home  Economics  Department,  South  Dakota  State 

College  of  Agriculture  and  Mechanic  Arts 
Department  of  Physics,  The  Pennsylvania  State 

University 
Bureau  of  Indian  Affairs 

Man  Years  (calendar  year  I960): 

From  NIAMD: 

Total:  1/3 
Professional:  l/3 
Other:        0 

Project  Description: 

Objectives:  To  determine  whether  the  addition  of  phosphates  to  the 
diets  of  children  will  reduce  the  incidence  of  dental  caries;  whether  the 
addition  of  phosphates  to  the  diets  of  children  will  effect  the  growth  and 
development;  to  evaluate  the  safety  of  the  phosphates  and  calcium  added  to 
the  diets;  and  to  evaluate  the  efficacy  of  added  calcium  (the  other  component 
of  the  phosphate  compound)  as  a  means  of  reducing  the  absorption  and  retention 
of  strontium^O, 

Methods  Employed:  Two  percent  calcium  phosphate  has  been  added  to 
bread  in  four  boarding  schools  and  the  addition  of  a  placebo  (flour)  to 
the  bread  in  four  control  schools.  Neither  the  subjects  nor  the  investigators 
know  the  identity  of  the  schools.  Total  nvimber  of  children  in  the  study  is 
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1800.  Routine  examinations  include  an  annual  dental  examination  plus  bi- 
lateral bite-wing  radiographs  on  all  children,  quarterly  measurements  of 
height  and  weight  on  all  children,  annual  bone  density  determinations  using 
hand  radiographs  on  a  sample  of  200  children  from  both  the  control  and  supple- 
mented schools,  annual  saliva  collection  and  analysis  on  a  sample  of  200 
children  from  both  the  control  and  supplemented  schools,  regular  food  intake 
surveys  including  collection  and  analysis  of  representative  diets  in  all 
schools,  controlled  balance  study  on  a  small  group  of  children  in  a  control 
and  a  supplemented  school  for  calcium,  phosphate,  magnesium,  and  strontium^, 
annual  physical  exams  for  nutritional  status  on  a  sample  of  children  in  both 
control  and  supplemented  schools,  and  annual  blood  urine  collection  on  a 
sample  of  children  in  both  groups  of  schools  for  hemoglobin  (blood) ,  calcium, 
phosphorus,  and  magnesium  (urine). 

Ma.ior  Findings;  The  second  annual  examination  in  the  spring  of  I960 
indicated  that  about  70^  of  the  children  examined  the  previous  spring  were 
still  in  the  schools.  The  evaluation  of  the  dental  observations  for  this 
first  year  are  complicated  by  the  reduction  in  bread  consumption.  Unbeknownst 
to  us,  the  BIA  schools  instituted  a  new  dietary  program  whereby  the  bread 
consumption  was  reduced.  For  some  unexplainable  reason,  a  similar  change 
occurred  in  the  mission  schools.  The  net  result  was  that  the  study  children 
in  the  BIA  schools  received  about  300  mg  of  calcium  per  child  per  day  from 
the  supplement  and  the  children  in  the  mission  schools  about  600  rag. 
Originally  these  levels  of  supplementation  were  calculated  on  the  basis  of  the 
reported  bread  consumption.  On  this  basis  each  child  should  have  received 
approximately  1  g  of  calcium  per  day  from  the  supplement.  To  bring  the  in- 
take of  the  supplement  for  the  children  in  both  schools  closer  together,  the 
level  of  calcium  in  the  supplement  for  the  BIA  schools  was  doubled  starting 
in  September,  I960.  Preliminary  tests  showed  that  the  added  amount  of 
dibasic  calcium  phosphate  had  no  effect  on  the  baking  characteristics  or 
taste  of  the  bread.  So  far  there  has  been  no  indication  from  the  schools 
that  the  higher  level  of  phosphate  has  produced  any  adverse  reaction. 

There  was  no  difference  in  either  the  DMF  rates  or  in  the  appearance 
of  new  carious  surfaces  between  the  control  and  supplemented  schools.  This 
was  true  when  the  comparison  was  made  using  the  four  control  and  four  supple- 
mented schools  or  whether  the  mission  and  BIA-  schools  were  considered  sepa- 
rately. Analyses  of  saliva  samples  collected  from  a  sample  of  the  children 
indicated  no  difference  in  the  concentration  of  calcium,  phosphorus,  ash, 
and  total  solids  between  the  children  in  the  control  and  supplemented  schools. 
There  was  also  no  relation  between  these  salivary  constituents  and  age  or  sex 
of  the  subjects. 

The  primary  emphasis  on  the  possible  dangers  associated  with  the 
calcium  intake  has  related  to  kidney  disturbances.  After  considerable  con- 
sultation with  kidney  physiologists,  it  became  apparent  that  there  was  no 
single  simple  test  of  kidney  function.  Perhaps  the  best  measure  of  functional 
activities  was  the  urine  concentration  test.  An  attempt  was  made  to  ceocrj   out 
a  simplified  version  of  a  urine  concentration  test.  At  the  evening  meal, 
the  children  received  a  meal  with  only  a  minimum  amount  of  fluid.  From 
dinner-time  on  until  bedtime,  an  older  child  was  placed  at  each  drinking 
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fountain  to  make  certain  that  the  children  did  not  drink.  The  matrons 
instructed  the  children  to  urinate  at  bedtime  and  after  that  gave  each  child 
a  plastic  screw-capped  bottle  with  the  child's  name  on  it.  The  instructions 
were  that  any  urine  passed  during  the  night  was  to  be  collected  in  the  bottle 
as  well  as  that  which  was  passed  on  arising  in  the  morning.  Additional  help 
was  provided  in  the  morning  during  the  time  the  children  got  out  of  bed. 
The  volumes  and  specific  gravities  of  all  samples  were  determined.  There 
wtere  so  many  with  very  low  specific  gravities  that  it  was  a  hopeless  task 
to  recheck  them  under  conditions  of  more  restricted  water  intake.  This  test 
was  carried  out  on  all  children  in  two  of  the  schools.  The  results  from  these 
preliminary  tests  were  so  equivocal,  that  it  was  felt  Inadvisable  to  extend 
them. 

Significpgce  to  NIAMD  Research:  Although  fluorine  added  to  drinking 
water  reduced  the  incidence  of  dental  caries  by  50  to  65^,  there  is  still 
a  large  increment  of  caries  to  be  taken  care  of.  There  is  a  public  health 
need  to  develop  a  means  of  reducing  the  incidence  of  dental  caries  among 
the  people  who  do  not  have  access  to  a  fluoridated  water  supply.  The  ad- 
dition of  calcium  offers  an  opportunity  to  evaluate  the  safety  of  long-term 
calcixim  supplements  and  its  effects  on  growth  and  development.  It  offers  a 
means  of  securing  an  answer  to  a  fundamental  public  problem,  namely;  will 
added  calcium  reduce  the  absorption  and  retention  of  strontium^O. 

Proposed  Course  of  the  Project:  It  is  anticipated  that  the  project 
will  terminate  at  the  end  of  the  current  school  year  unless  there  is  some 
evidence  that  the  phosphate  supplement  has  an  ameliorating  effect  on  the 
incidence  of  dental  caries.  Approximately  10  children  from  one  of  the 
mission  schools  who  have  received  the  phosphate  supplement  for  two  years 
will  be  brought  to  NIH  during  the  summer  of  1961  for  extensive  investigations  " 
and  balance  studies.  A  like  number  of  children  from  a  control  school  will 
be  studied  in  the  same  way. 


Part  B  included:  No 
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1.  Nutrition  and  Endocrinology 

2.  Experimental  Liver  Diseases 

3.  Bethesda 


Part  A. 


Project  Title;  Biocheinistry  and  Physiological  Role  of  Factor  3-Seleniiun 
Compounds 

Principal  Investigators:  Klaus  Schwarz  and  Trygve  W.  Tuve 

Other  Investigator:   John  R.  Schubert  (Guest  Worker) 

Cooperating  Units;  Chemical  Institute,  University  of  Uppsala,  Sweden 

Tropical  Metabolism  Research  Unit,  University  College 

of  the  West  Indies,  Kingston,  Jamaica 
Central  Anatomic  Laboratoiy,  Department  of  Mental 
Hygiene,  Baltimore,  Maryland, 

Man  Years  (calendar  year  I960); 
Total;  31/3 
Professional;  1  I/3 
Other;  2 

Project  Description; 

Objectives;  To  study  the  biological  effects  of  Factor  3  and  oliier 

selenium  compounds,  to  investigate  their  natural  distribution, 
determine  their  chemical  nature  and  their  biological  specificity.  To 
differentiate  and  delineate  Factor  3  deficiency  diseases  from  other  ' 
deficiencies,  especially  vitamin  E  deficiency.  To  identify  and  charac- 
terize Factor  3*  To  demise  methods  for  the  chemical  synthesis  of  Factor 
3-active  compounds,  and  to  investigate  their  clinical  effects.  To 
determine  the  nature  and  biological  properties  of  organoselenium  com- 
pounds produced  by  living  organisms  from  inorganic  selenium  salts. 

Methods  Bnployed;  Biopotency  of  selenium  confounds  and  Factor  3  is 

determined  by  animal  assays,  using  protection  against 
dietary  liver  necrosis  in  the  rat  as  test  system,  A  raicroanalytical 
method,  radio  activation  analysis,  and  a  sensitive  coloriraetric  assay 
are  used  for  selenium  determinations.  Trace  quantities  of  radioactive 
inorganic  selenium  salts  are  supplied  to  resting  or  growing  yeast  cells 
under  a  variety  of  conditions  as  well  as  to  experimental  animals.  Radio 
tracer  chemistry,  particularly  paper  chromatography,  radioautography, 
ion  exchange  column  fractionation  and  electrophoresis  are  being  employed 
to  study  the  biosynthesis  of  organoselenium  compounds. 
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Major  Findings;  The  synthesis  of  Factor  3-active  organoseleniua  compounds » 
carried  out  by  Prof.  Arne  Fredga  and  collaborators, 
University  of  Uppsala,  in  cooperation  with  this  Section,  has  progressed 
and  has  been  activated  further  during  I960.  A  large  series  of  "tailor 
made"  compounds  has  been  produced  and  assayed  for  Factor  3  potency.  New 
concepts  of  the  chemical  properties  of  Factor  3-active  compounds  of 
selenium  evolved.  Optimal  potency  is  seen  with  di-seleno  di -acids  show- 
ing a  maximum  at  a  chain  length  of  Cjij  or  C^j  normal  carbon  chains  are 
more  potent  than  branched  isomers;  optimal  biopotency  is  seen  if  selenium 
is  in  the  Y  position  from  a  carboxyl  group;  and  di-seleno  di -acids  are 
converted  into  seleninic  acids  before  they  become  biologically  effective. 
Most  recent  studies  have  shown  that  substitution  of  the  seleniuni  by  benzyl 
or  naphthyl  radicals  produces  a  further  increase  in  biopotency.  The  most 
potent  conipound  currently  on  hand  is  a  benzyl-5-mono3elenovaleric  acid. 
Its  50^  effective  dose  comes  close  to  that  of  Factor  3  selenium. 

While  marry  types  of  organoselenium  compounds  can  be  utilized  Igr 
the  organism  of  the  rat  as  source  of  selenium  for  Factor  3  biopotency, 
many  structures  have  been  detected  which  are  relatively  inactive,  i.e. 
obviously  not  broken  down.  Since  it  might  be  expected  that  these  com- 
pounds exert  pharmacological  properties,  arrangements  have  been  made  to 
screen  the  activity  against  bacteria,  fungi,  and  also  protozoal  pathogens, 
as  well  as  against  cancer. 

A  study  was  carried  out  with  a  choline  deficient  soybean  protein 
diet.  It  was  found  that  the  development  of  fatty  infili*ation  of  "Uie 
liver  and  of  other  symptoms  of  choline  deficiency  is  neither  prevented 
nor  enhanced  by  supplementation  of  Factor  3-selenium  to  the  diet. 

It  was  discovered  that  certain  sjmthetic  compounds,  developed  in 
Europe  as  protective  agents  against  experimental  and  also  clinical  liver 
disease,  are  effective  in  the  prevention  of  dietary  necrotic  liver 
degeneration.  The  compounds  are  similar  in  structure  to  oral  anti- 
diabetics. Detailed  analyses  revealed  that  their  activity  is  not  caused 
by  a  trace  contamination  with  selenium,  that  they  do  not  act  by  affecting 
the  glycogen  levels  in  the  liver,  and  that  the  observed  protection  against 
liver  necrosis  is  not  correlated  with  their  antidiabetic  activity.  Long 
term  experiments  showed  that  the  compounds  do  not  really  prevent  necrotic 
liver  disease,  but  merely  delay  its  onset  by  approximately  twenty-five 
days.  It  is  conceivable  that  the  substances  act  by  complexing  of  heavy 
metals. 

Experiments  performed  with  fresh  baker's  yeast  in  the  presence  of 
radioselenite ,  using  the  membrane  filter  technique  to  measure  total  cell- 
ular incorporation,  show  that  yeast  cells  will  incorporate  trace  quantities 
of  selenium.  Principally,  the  incorporation  of  seleniiira  is  dependent  on 
the  presence  of  glucose  and  takes  place  either  aerobically  or  anaero- 
bically.  Cells  will  incoiT)orate  radioselenite  aufter  a  short  lag  period 
at  a  linear  rate  until  it  is  exhausted.  The  rate  is  dependent  on  the 
level  of  selenite  in  the  medium.  By  fractionation  of  labeled  cells. 
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paper  chromatographic,  and  radioautographic  analysis  of  the  major  soluble 
fractions,  several  nefw  compounds  have  been  detected.  One  component  found 
in  the  cold-trichloracetic  acid  extracts  is  not  selenite,  selenate,  me- 
tallic selenium,  a  selenium  analogue  of  cystine  or  methionine,  or  selenium 
di-or  tetracysteine  or  glutathione.  Larger  experiments  are  in  progress  to 
produce  a  sufficient  quantity  of  this  unknown  for  biological  testing  and 
chemical  analysis. 

In  the  TCA -insoluble,  "protein"  bound  radioseleniura  fraction,  com- 
prising approximately  92-9^1^  of  the  total  incorporated  selenium,  seleno- 
methionine or  selenocystine  were  not  detected."  The  conditions  of  the 
experiments  were  not  suitable  for  growth  or  protein  synthesis.  The  major 
component  in  these  hydrolysates  moves  with  the  solvent  front  in  the 
chromatographic  systems  utilized  to  date.  It  is  different  from  selenium 
compounds  hitherto  known  to  be  present  in  proteins. 

A  vitamin  E-  and  selenium-deficient  rat  fed  the  Tojrula  yeast  diet  was 
injected  with  5  tig  of  radioselenium  (selenite).  Paper  chromatogram*  of 
the  urine,  containing  approximately  10^  of  the  total  injected  dose,  showed 
three  principal  components:  Con^jonent  1,  not  moving  in  the  solvent 
systems J  component  2,  having  the  same  Rf  values  in  two  solvent  systems  as 
the  TCA -soluble  unknown  obtained  in  the  yeast  extracts;  and  component  3 
migrating  with  the  solvent  front.   The  rat  was  sacrificed  18  hours  after 
injection.  Cold  TCA  extracts  of  liver  and  kidney  homogenates  showed  a 
component,  though  in  much  smaller  concentration,  migrating  similar  to 
component  2.  Most  of  the  radioactivity  was  TCA  insoluble  and  non-diadyza- 
ble,  and  is  assumed  to  be  protein-bound.  Hydrolysates  showed  the  primary 
component  to  move  with  the  front  in  several  chromatographic  systems. 

It  has  become  apparent  that  Factor  3  selenium  deficiencies  play  a 
very  important  role  in  the  sheep  and  cattle  raising  industries  of  certain 
parts  of  the  world,  such  as  the  northwestern  United  States,  New  Zealand, 
Australia,  Scotland,  Sweden,  etc.  Collaborative  studies  with  workers  in 
the  field  have  been  carried  out.  Feeds,  mostly  grasses  or  hays,  were 
tested  for  Factor  3-biopotency  in  the  rat,  and  selenium  contents  were 
determined.  It  was  found  that  in  certain  grasses  selenivim  is  biologically 
unavailable.  These  feeds  are  producing  white  muscle  disease  even  though 
they  contain  selenium  at  levels  sufficient  for  protection  if  the  animal 
could  utilize  it  effectively.  Selenium  compounds,  mostly  sodium  selenite, 
are  now  used  in  large  scale,  in  the  western  United  States  in  form  of  a 
commercial  preparation,  and  also  in  New  Zealand,  where  large  increases  in 
the  number  of  live  born  lambs  are  reported,  and  where  white  muscle  disease 
and  ill thrift  are  practically  prevented.  Since  the  therapeutic  index  for 
selenite  is  relatively  small,  a  study  has  been  initiated  at  the  Oregon 
Agricultural  Experiment  Station  to  test  the  effectiveness  of  a  synthetic 
organo -selenium  compound  in  the  prevention  of  white  muscle  disease  in 
newborn  lambs. 

White  muscle  disease  in  sheep  and  cattle  is  characterized  by  muscular 
dystrophy  and  metastatic  calcification  of  skeletal  muscle,  and  particularly 
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of  the  heart  muscle.  Histological  investigations,  by  Dr.  Karl  Mason, 
University  of  Rochester,  on  muscles  of  rats  on  liver  necrosis  producing 
diets  have  shovm  that  Factor  3-seleniura  completely  eliminates  the  calcifi- 
cation which  ordinarily  is  seen,  while  not  preventing  the  degeneration  of 
the  musculature  owing  to  the  simultaneous  lack  of  vitamin  E.  A  study  of 
5-nucleotidase,  an  enzyme,  the  presence  of  which  seems  intimately  related 
to  abnormal  calcification  under  various  dietary  conditions  has  been 
initiated. 

In  the  course  of  the  year,  the  methods  for  determination  of  selenitun 
in  biological  specimens  have  been  refined,  and  normal  values  for  selenium 
in  blood,  urine,  etc,  have  been  established.  These  studies  constitute  a 
base  line  for  the  clinical  application  of  Factor  3-selenium  compounds. 
Currently,  a  preliminary  test  with  a  synthetic.  Factor  3-active  selenium 
compound  is  ir/idervray  at  the  College  of  the  West  Indies,  Kingston,  Jamaica, 
with  the  aim  to  determine  whether  Factor  3-selenium  has  a  beneficial  effect 
on  protein  malnutrition  (Kwashiorkor) .  Encouraging  results  have  been 
obtained  in  a  case  which  did  not  gain  weight  on  the  skim  milk  regime  used 
for  treatment. 

Skim  milk  powders  of  different  geographic  origin  are  grossly  differ- 
ent in  their  selenium  contents,  as  well  as  in  their  pi^jtective  effects 
against  liver  necrosis.  For  instance,  a  sample  from  a  West  German  loca- 
tion, when  compared  to  one  from  Southern  Germany,  contained  roughly  three 
times  as  much  selenium.  The  amounts  of  Factor  3  selenium  in  cow's  milk 
are  relatively  small  as  compared  to  those  in  hum.an  milk. 

A  collaborative  study  with  Dr.  Angel  Pentschew  of  the  Central  Anatomic 
Laboratory,  Department  of  Mental  Hygiene,  Baltimore,  has  been  carried  out 
on  the  central  nervous  system  of  rats  maintained  on  Factor  3-selenium 
supplemented,  but  vitamin  E-deficient  Torula  yeast  diets  for  extended 
periods  of  time.  In  these  animals,  vitamin  E  deficiency  leads  to  severe 
neurological  damage.  A  special  type  of  axonal  degeneration  was  discovered 
wliich  has  not  been  seen  before  in  experimental  animals.  The  demyelination 
of  certain  tracts  of  the  spinal  cord,  regarded  previously  to  be  the  essen- 
tial finding  in  vitamin  E-deficient  adult  rats,  proves  to  be  secondary  to 
axonal  swelling  and  degeneration.  The  damage  starts  within  the  nuclei, 
'  beginning  with  the  nucleus  gracilis,  and  spreads  to  corresponding  tracts. 
The  axonal  dystrophy  is  associated  with  a  peculiar  distribution  of  glia 
cells.  There  is  also  a  characteristic  degeneration  of  nerve  cells  in  fonn 
of  cellular  vacuolation.  The  observed  changes  are  analogous  to  those  seen 
in  the  human  in  Hallervorden-Spatz  disease. 

SIGNIFICANCE  TO  NIAMD  RESEARCH;  Systematic  synthesis  and  screaning  of 

organoseleniura  compounds  for  Factor  3- 
activity,  application  of  radioactive  selenium  to  biologic  systems  for  the 
development  of  paper  chromatographic  and  other  identifying  techniques,  and 
animal  assays  against  dietary  liver  necrosis  for  liver  protecting  activity, 
in  combination,  are  expected  to  lead  to  the  identification  of  the  natural 
forms  of  selenium  in  biological  systems,  and  to  put  at  our  disposal  syn- 
thetic organoselenium  compovinds  for  the  treatment  of  various  human 
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degenerative  diseases.  Furthermore,  essential  basic  information  !• 
obta5ned  on  the  enzyme  mechanisms  by  which  selenium  is  normally  assimi- 
lated and  converted  into  Factor  3« 

PROPOSED  COURSE  OF  PROJECT;  The  synthesis  of  Factor  3-seleniujn  compounds 

will  be  extended  further.  Pharmacological 
and  clinical  trials  are  undeivay  or  scheduled.  Analyses  of  blood  and 
other  specimens  from  patients  with  different  degenerative  diseases  has 
been  initiated  with  the  aim  to  detect  the  areas  of  selenium  application 
in  the  human.  The  mechanisms  of  sele  niura  metabolism  and  Factor  3  synthesis 
will  be  clarified  further.  The  basic  knowledge  of  the  enzymatic  aspects 
of  selenium  assimilation  will  be  applied  to  possible  defects  of  selenium 
utilization  in  human  diseases. 


Part  B  included?  Tee 
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Pairb  B.  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  projectt 

K.  Schvarz 

Factor  3>  Selenium  and  Vitamin  E  (Editorial) 
Nutrition  Reviews  18,  193-197  (I960) 

K.  Schwarz  and  W.  Mertz 

Physiological  Effects  of  Trace  Amounts  of  Seleniun 
in  "Physiological  Aspects  of  Water  Quality"  USPHS 
(in  press) 

K.  Schvarz 

A  lien   Possible  Site  of  Action  for  Vitamin  E  in  Intermediary 
Metabolism,  in:  Monograph  on  "The  Metabolism  and  Function 
of  the  Fat-soluble  Vitamins  A,  E,  and  K." 
National  Vitamin  Foundation  (in  press) 

Honors  and  awards  relating  to  this  project: 

None 
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1.  Nutrition  and  Endocrinolog7 

2.  Experimental  Liver  Diseases 

3.  Bethesda 


Part  A. 


Project  Title:  Biological  Significance  of  the  Glucose  Tolerance  Factor 

(Chromium  (III)),  Its  Mechanism  of  Action  and  Its  Relation 
to  Insulin 

Principal  Investigator:  Walter  Mertz 

Other  Investigators:  Klaus  Schwara 

Cooperating  Units:  None 

Man  Years  (calendar  year  I960): 
Total:  2  2/3 
Professional:  1  1/3 
Other:  11/3 

Project  Description: 

Objectives ;  To  investigate  the  effects  of  chromium  (III)  deficiency  in 
experimental  animals,  to  study  the  mechanism  by  which  GTF- 
active  chromium  (III)  compounds  improve  glucose  tolerance,  to  eluci- 
date the  site  and  mode  of  action  of  chromium  (III)  in  vitro,  to  study 
the  relation  between  the  element  and  insulin,  to  develop  chromium  (III) 
compounds  with  optimal  GTF-activity  and  study  their  effect  on  experi- 
mental diabetes  in  animals  as  well  as  in  disturbances  of  glucose  toler- 
ance in  humans ,  and  to  elucidate  the  way  by  which  GTF -active  chromium 
is  handled  in  the  organism. 

Methods  Employed:  Male  rats  are  maintained  on  vairious  natural  and  serai- 
synthetic  diets,  and  glucose  removal  rates  are  measured 
after  i.v.  injection  of  125  mg.  glucose  per  100  g.  of  body  weight,  GTF 
potency  is  determined  by  comparison  of  glucose  renroval  rates  before  and 
after  application  of  GTF  by  stomach  tube.  Preparations  to  be  tested  are 
added  to  various  GTF -deficient  diets,  and  glucose  removal  rates  are  deter- 
mined in  rats  maintained  on  these  diets  for  various  periods  of  time. 

Epididjnual  fat  tissue  is  obtained  from  rats  raised  on  various  rations. 
(Eucose  uptake  in  vitro  by  tiiis  tissue  and  the  effect  of  GTF-active 
chromium  (III)  thereon  is  measured.  Radioactive  labeled  galactose  is 
substitutedj  for  glucose  in  the  incubation  medium,  the   amount  of  tissue 
galactose  and  the  effect  of  chromium  (III)  thereon  is  measured  at  vartous 
time  intervals.  Total  water  and  extracellular  water  space  is  measured  in 
epidi<tymal  fat  tissue.  From  all  these  data,  the  effect  of  chroraiuta  on 
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the  rate  of  entry  of  sugars  into  the  cells  is  calculated. 

Methods  for  chroniiuni  determinations  are  adapted  for  use  with  biolog- 
iceil  materials )  and  chromium  concentrations  are  measured  in  bloody  tissues > 
urine*  nutrients,  proteins,  enzymes,  etc. 

Major  Findings;  After  trivalent  chromium  had  been  identified  as  the  active 
ingredient  of  the  glucose  tolerance  factor  (see  project  report  1959)* 
attempts  were  made  to  deteinine  the  site  of  action  of  the  element. 

Chromium  (III)  supplementation  to  a  GTF-deficient  ration  increased 
i.v.  glucose  tolerance  of  rats  maintained  on  this  diet  to  normal.  When 
the  animals  wer«  sacrificed  and  glucose  uptake  of  epididymal  fat  tissue 
was  measured,  a  61%   increase  of  glucose  utilization  was  detected  in  the 
tissue  from  the  chromium  supplemented  (55  (xg/lOO  rag.),  as  conqpared  with 
controls  O'J  l^^gAOO  mg.).  An  average  of  62  (ig  was  obtained  in  animals 
on  a  natural  ration  of  optimal  GIF -content  (McCollum»s  wheat-casein  diet)* 
This  experiment  established  a  direct  action  of  chromium  in  peripheral 
tissue.  The  magnitude  of  this  increase  was  similar  to  that  of  the  glu- 
cose removal  rates  in  the  intact  animal.  The  finding  makes  it  unlikely 
that  the  primary  effect  of  the  element  is  mediated  through  endocrine  or 
nervous  regulations.  Addition  in  vitro  of  suitable  chromium  complexes  to 
fat  tissue  of  GTF-deficient  rats  stimulated  glucose  uptake  almost  two 
fold.  Maximal  effects  were  obtained  with  .01  and  .1  \ig    of  the  element 
per  100  mg.  of  tissue j  lesser  and  higher  doses  produced  smaller  effects. 
The  effect  of  chromium  supplementation  could  be  observed  only  in  animals 
with  impaired  glucose  uptake  by  epididymal  fat  tissue.  In  those*  it 
restored  utilization  to  the  level  normally  observed  in  rats  on  a  GTF- 
sufficient,  natural  ration,  i.e.  to  ca  60  ng/lOO  mg.  In  animals  with  a 
glucose  uptake  already  at  60  tig»  chromium  was  ineffective  even  in  high 
doses.  Thus,  no  effect  of  chromium  supplementation  was  detected  with  fat 
tissue  from  rats  raised  on  a  natural  wheat-casein  ration.  Similar 
observations  had  been  made  using  the  i.v.  glucose  tolerance  test  in  intact 
rats:  GTF  and  GIF -active  chromium  restores  an  impaired  function  to 
noi*mal,  but  not  beyond.  It  thus  has  the  characteristics  of  an  essential 
dietary  ingredient. 

Using  the  in  vitro  system  described,  a  number  of  different  chromium 
(HI) -complexes  were  assayed  as  to  their  GTF -activity.  The  order  of 
potency  of  the  compounds  in  vitro  was  almost  identical  to  that  obtained 
in  the  in  vivo  experiments.  These  findings  indicate  that  differences  in 
GTF-actrvity  of  various  chromium  complexes  in  vivo  cannot  be  explained 
solely  on  the  basis  of  intestinal  absorbabilTty. 

The  effect  of  chromium  in  the  in  vitro  system  depends  on  the 
presence  of  insulin.  The  optimal  insulin  concentration  was  approximately 
1  raiUiunit  per  flask;  this  dose  level  was  used  in  most  experiments 
reported  here.  The  dependence  on  insulin  was  also  shown  in  experiments 
on  the  incorporation  of  labeled  glucose  carbon  into  fat  and  C02»  In 
vitro  addition  of  chromium  to  fat  tissue  resulted  in  a  1S%   increase  of 
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activity  in  the  presence  of  .1  milliunit  of  insulin.  The  element  also 
enhanced  the  incorporation  of  label  from  acetate*  in  the  presence  of 
insulin  and  unlabeled  glucose »  but  the  effect  was  significantly  smaller 
than  that  obtained  with  glucose  as  the  substrate.  When  either  glucose 
or  insulin  were  left  out,  no  significant  stimulation  of  acetate  utili- 
zation by  chromium  was  seen.  The  observations  suggest  a  site  of  action 
close  to  ttie  initial  steps  of  glucose  utilization. 

Galactose  -  C  -  lU  was  used  to  study  the  first  step  of  sugar 
utilization,  i.e.  entry  into  the  cell.  Galactose  is  not  appreciably 
utilized  by  peripheral  tissue  whole,  its  rate  of  cell  entry  is  insxilin 
responsive. 

Supplementation  in  vitro  with  GTF-active  chromium  clearly  increased 
impaired  rates  of  galactose  entry  in  the  presence  of  1  milliunit  of 
insulin.  In  experiments  using  fat  tissue  of  ten  GTF-deficient  rats  with 
low  rates  of  galactose  entry,  addition  of  .01  ng  of  chromium  (III) 
increased  tissue  galactose  by  $6%   after  one  hour  of  incubation.  At  this 
time,  saturation  of  tissue  water  with  galactose  reached  67%   in  the 
controls  and  100^  in  the  supplemented  tissues.  The  results  indicate  a 
2.3  fold  rate  of  entry  into  the  cell  with  chroraiim.  They  allow  to  locate 
the  site  of  action  of  chromium  close  to  that  of  insulin. 

Accurate  estimation  of  Ihe  small  levels  of  chromium  physiologically 
present  in  nutrients,  tissues,  etc.  was  attempted.  A  critical  investi- 
gation of  existing  methods  for  chromium  was  carried  out.  Golormetric 
determination,  based  on  the  reaction  with  diphenyl  carbazide  has  been 
described  as  applicable  to  blood,  urine,  etc.  in  cases  of  chromium 
poisoning.  It  was  fo\ind  that  different  chromium  (III)  complexes  gave 
widely  different  results  due  to  the  fact  that  the  more  stable  chromium 
(III)  compounds  cannot  be  oxidized  readily  by  hypobromite.  Ehren  staindard- 
ized,  slTiple  chromium  complexes  produced  absorption  curves  which  did  not 
go  through  zeixj.  A  deficit  of  approximately  .8  ng  of  chromium  was  found 
per  assay.  In  addition,  supplamentation  of  certain  proteins  to  known 
chromium  complexes  produced  insufficient  recoveries,  while  other  proteins 
were  without  such  effects.  In  view  of  these  variables  the  colormetric 
methods  were  found  inadequate  for  estimation  of  the  small  levels  of 
chromium  in  biological  gaecimens,  which  are   in  the  range  of  .1  to  1  ng 
per  g.  Radioactivation  analysis  is  feasible.  A  major,  normal  chromium 
isotope  has  a  good  cross  section  for  neutrons  and  yields  a  radioisotope 
of  sufficient  half  life  for  convenient  determination.  However,  diffi- 
culties exist  in  the  carrier  analysis  following  neutron  bombardment.  An 
optimal  mixture  of  carrier  materials  has  not  yet  been  found.  At  present* 
emission  spectrography  appears  to  be  the  method  of  choice,  even  though  its 
sensitivity  is  theoretically  smaller  than  that  of  neutron  activation. 
Attempts  to  standardize  this  method  for  application  to  blood  samples  and 
to  Tirines,  as  well  as  other  biological  materials,  are  under  way. 

SIGNIFICANCE  TO  NIAMD  RESEARCH t  On  the  basis  of  the  findings  reported  here, 

trivalent  chromium  must  be  considered 
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essential  for  the  maintenance  of  normal  carbohydrate  metabolism  in  the 
rat  and  possibly  also  in  other  species.  It  was  possible  during  the  past 
year  to  locate  a  ma^ior  site  of  action  of  the  element  close  to  that  of 
insulin,  i.e.  at  the  entry  of  sugars  into  the  cell.  These  findings  may 
contribute  not  only  to  the  elucidation  of  the  mode  of  action  of  insulin, 
but  they  may  open  up  an  entirely  new  approach  to  the  problem  of  diabetes, 
especially  of  those  forms  which  show  no  deficiency  of  insulin. 

PROPOSED  COURSE  OF  THE  PROJECTt  The  mode  of  action  of  chromium  and  the 

nature  of  its  interrelation  with  insulin 
will  be  studied  further.  To  this  end,  the  effect  of  chromium  on  insulin 
binding  and  degradation  will  be  investigated  in  various  in  vitro  systems. 
Efforts  will  be  made  to  elucidate  the  physiological  significaince  of 
traces  of  chromitun,  regularly  found  in  insulin,  and  to  obtain  chromitun 
free  insulin.  The  cause  and  nature  of  seasonal  variations  in  glucose 
utilization  in  vivo  and  in  vitro  will  be  studied.  Efforts  will  continue 
to  synthesize  new  chromium  coii5)lexes  with  high  GTF  activity,  as  well  as 
chromium  compounds  with  insulin.  Chromium  metabolism  will  be  investigated 
in  experimental  animals  and  also  in  humans  by  measuring  blood  chromium 
levels  and  chromitun  balance.  The  application  of  physiological  amounts  of 
effective  chromium  complexes  to  patients  with  diabetes,  especially  with 
hitherto  intractable  diabetic  syndromes  such  as  retinopathy  or  diabetic 
renal  disease,  shall  be  tried* 
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pniblications  other  than  abstracts  from  this  project: 

Walter  Mertz,  E.  E.  Roginski,  and  K.  Schwarz 

Effect  of  Trivalent  Chromium  Complexes  on  Glucose  Uptake  by 
Epididymal  Fat  Tissue  of  Rats.  J.  Biol.  Chem.  £36,  I96I  (in  press), 

Walter  Mertz  and  Klaus  Schwarz 

Chromium  (Til)  and  the  Glucose  Tolerance  Factor »  in  "Proceedings 
of  th?  18th  Meeting  of  the  Association  of  Clinical  Scientists," 
Washirjgton,  D.  C.  (in  press). 

Klaus  SchwsuTz  and  Walter  Merta 

The  Glucose  Tolerance  Factor:  A  Biological  Role  of  Trivalait 
Chromium  in  Glucose  Utilization.  Monograph  on  "Biological  Aspects 
of  Metal  Binding,"  National  Academy  of  Sciences  (in  press). 

Honors  and  Awards  relating  to  this  project: 
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Part  A. 


Project  Title:  The  Role  of  Vitamin  E  and  Factor  3-selenium  in  Metabolism 
and  their  Relation  to  Dietary  Necrotic  Liver  Degeneration 

Principal  Investigator:  Laurence  M.  Corwin 

Other  Investigators:  Klaus  Schwarz.  Fiorenzo  Stirpe  (Visiting  Scientist) 

Cooperating  Units:  None 

Man  Years  (calendar  year  I960): 
Total:  3 
Professional:  2 
Other:  1 

Project  Description: 

Objectives;  To  elucidate  the  role  of  vitamin  E  and  Factor  3-selenium  in 
intermediary  metabolism.  To  clarify  the  chain  of  events  in 
the  development  of  dietary  liver  necrosis  and  analogous  diseases. 

Methods  Employed;  Mitochondria  and  microsomes  were  prepared  by  differ- 
ential centrifugation  according  to  the  method  of 
Schneider  and  Hogeboom.  Oxidations  were  studied  in  a  Warburg  Respiro- 
meter.  Determinations  of  sulfhydryl  groups  were  based  on  the  method  of 
Ellman  using  the  appearance  of  yellow  color  (1|12  miJ.)  formed  by  the  reac- 
tion of  5>5'-<y-thi>bis-2-nitrobenzoic  acid.  Peroxide  formation  was 
estimated  by  the  tniobarbituric  acid  reaction.  Amino  acid  incorporation 
into  tissue  proteins  was  measured  after  application  of  radioactive  valine 
to  rats  maintained  under  a  variety  of  dietary  conditions. 

Major  Findings;  Respiratory  decline  is  observed  in  liver  slices  from  rats 
fed  a  30^  Torula  yeast  diet  deficient  in  vitamin  E  and 
Factor  3*  Homogenates  from  these  deficient  livers  were  shown  to  be 
unable  to  maintain  the  oxidation  of  a-ketoglutarate  (KG)  and  succinate 
for  1  1/2  hours.  This  observation  has  been  extended  to  include  fumarate» 
malatej  pyruvate  with  a  catalytic  amount  of  malate,  p-hydroxybutyrate > 
and  glutamate.  Dietary  and  in  vitro  supplementation  with  a- tocopherol 
completely  prevents  the  decline  of  oxidation  of  KG,  pynivate-malatef 
malate>  fumarate*  and  glutamate.  It  also  prevents  the  decline  in  excess 
of  that  normally  found  with  succinate  and  P-^ydroxybutjrrate  as  substrates. 
The  antioxidant,  N,  N' -diphenyl-p-pherylenediamine  (DPPD),  is  also 
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effective  in  the  diet  on  KG  and  succinate  oxidation  as  well  as  in  vitro 
on  above  substrates.  It  was  found  that  methylene  bluej  menadione  and 
Simon's  tocopherol  metabolite  added  in  vitro  would  also  prevent  oxidative 
decline  in  quantities  ranging  from  1^0  ng  per  flask.  Dietaiy  selenite 
is  without  effect. 

In  addition  to  the  above,  it  was  observed  that  glutathione  and  BAL 
wovild  prevent  the  decline  of  KG  oxidation.  It  thus  seemed  likely  that 
tocopherol  might  affect  sulfhydryl  groups  on  dehydrogenases  rather  than 
the  cytochrome  system.  In  vitro  addition  of  tocopherol  did  not  incraase 
cytochrome  oxidase  activTiy,  nor  did  it  increase  the  antinycin  A  titra- 
tion of  succinate-cytochrome  c  reductase.  Upon  studying  the  fate  of 
free  sulfhydryl  groups  in  the  horaogenate  upon  incubation  for  1  1/2  hoxirs 
with  KG,  it  was  found  that  in  the  absence  of  tocopherol  there  was  a 
decline  of  Tree  SH -groups.  This  was  preventable  by  all  the  agents  which 
prevented  the  decline  of  oxidation.  Taking  advantage  of  the  observations 
of  Searles,  Sanadi,  and  Massey  that  cadmium  ions  or  arsenite  will  inhibit 
KG  oxidation  by  binding  the  vicinal  di thiol  groups  of  the  dehydrogenase, 
it  was  shown  that  tocopherol  could  prevent  this  inhibition.  This 
experiment  was  done  using  a  mitochondrial-supernatant  system  which  exhib- 
its little  decline  (see  below) .  This  would  seem  to  indicate  that 
tocopherol  is  masking  the  vicinal  dithiols  and  thereby  preventing  binding 
by  cadmium  and  arsenite. 

From  earlier  work  it  was  known  that  mitochondria  alone  do  not  shov 
a  decline  of  KG  oxidation.  An  investigation  of  the  various  fractions  of 
the  homogenate  revealed  that  the  presence  of  microsomes  is  required  for 
decline  to  occur.  Boiling  the  microsomes  prevents  this  effect  on  decline. 
Treating  with  EDTA  and  then  dialjrzing  had  no  effect  on  the  microsomes, 
despite  the  fact  that  EDTA  in  concentrations  of  3  x  10  -6  M  will  complete- 
ly prevent  oxidative  decline  as  will  the  presence  of  die thyldithio carbamate 
or  a,a'-dipydridyl.  Addition  to  the  mitochondrial-supernatant  system  of 
various  metal  ions  such  as  Cu++,  Zn*+ ,  and  Hg++  will  cause  decline  which 
is  preventable  by  tocopherol.  Addition  of  certain  EDTA-metal  complexes 
are  as  effective  as  EDTA  alone  in  preventing  decline  in  homogenates, 
whereas  certain  others  are  not.  The  nature  of  the  inhibition  caused  by 
the  microsomes  is  as  yet  not  established. 

In  search  for  a  metabolic  role  of  Factor  3»  a  study  was  undertaken 
on  the  amino  acid  incorporation  into  tissue  protein,  especially  liver, 
in  rats  fed  the  necrosis  producing  Torula  yeast  diet  and  various  supple- 
ments. Valine-l-C-lit  incorporation  was  found  enhanced,  as  compared  to 
controls  on  a  normal,  optimal  r ation  (McGollura's  wheat-casein  diet).  In 
animals  killed  four  hours  after  intraperitoneal  injection  of  the  labeled 
amino  acid,  enhanced  incorporation  was  seen  in  liver,  serum  proteins, 
kidney,  brain,  heart,  and  testes,  but  not  in  muscle,  spleen,  or  lungs. 
In  liver  cells  the  maximum  relative  increase  occurred  in  the  mitochondrial 
fraction,  followed  by  supernatant,  nuclear,  and  microsomal  portions. 
Both  in  normal  and  deficient  rats,  incorporation  of  the  labeled  valine 
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was  in  the  following,  decreasing  order;  microsomes,  supernatant,  nuclei* 
amd  mitochondria.  The  enhancement  of  valine  incorporation  was  not  relat- 
ed to  specific  liver  protecting  factors  such  as  Factor  3-seleniiun  or 
vitamin  E.  Methionine?  even  though  promoting  growth  strongly,  also  did 
not  change  the  rate  of  valine  incorporation.  The  enhancement  of  amino 
acid  incorporation  is  a  characteristic  sign  of  nutritional  amino  imbal- 
ance. In  the  absence  of  methionine,  addition  of  a  mixtui*e  of  ten  essen- 
tial amino  acids,  including  valine,  or  of  the  nonessential  amino  acids 
further  enhanced  the  rate  of  incorporation.  The  latter  was  brought  back 
to  normal,  however,  by  the  combination  of  methionine  and  the  essential 
amino  acids.  The  elevated  amino  acid  incorporation  is  not  etiologically 
related  to  dietary  necrotic  liver  degeneration  but  may  be  indicative  of 
enhanced  protein  turnover.  The  phenomenon  develops  quickly,  i.e.,  after 
a  few  days  of  feeding  of  the  Torula  diet,  and  it  is  quickly  reversible, 
i.e.,  it  ca."?.  be  brought  back  to  normal  by  a  few  days  of  feeding  of 
adequate  rations.  Omission  of  methionine  alone  suffices  for  the  produc- 
tion of  the  enhancement,  but  is  is  questionable  whether  methionine  plays 
£  special  role  in  the  system.  Further  studies  on  the  effects  of  selenitun 
deficiencies  or  supplementation  on  sulfur  amino  acids  metabolism  and  the 
synthesis  or  sulfur  containing  cof actors  (coenzyme  A,  thioctic  acid)  are 
underway. 

Significance  to  NIAWD  Research;  Tocopherold  has  been  implfcated  as  neces- 
sary to  prevent  liver  necrosis,  muscular 
dystrophy,  exudative  diathesis,  encephaloraalacia,  fetal  resorption  and 
other  syndromes  in  experimental  animals.  From  the  evidence  given,  it  is 
conceivable  that  vitamin  E  acts  through  the  maintenance  of  sulfhydryl 
groups  in  enzyme  systems.  Claurification  of  this  mode  of  action  may 
contribute  to  the  understanding  of  pathophysiological  mechanisms  not  only 
in  experimental  animals  but  also  the  human.  Similarly,  the  establishment 
of  the  mode  of  action  of  Factor  3-selenium  would  aid  in  the  understanding 
of  disease  mechanisms,  as  well  as  in  the  identification  of  those  areas 
where  Factor  3  may  be  applied  clinically. 

Proposed  Course  of  Project;  The  nature  of  the  agent  in  microsomes  which 

appears  to  be  responsible  for  the  respiratory 
decline  in  homogenates  will  be  studied  further.  The  correlation  between 
respiratory  decline  and  sulfhydryl  groups  shall  be  analyzed  further  in 
detail,  both  in  homogenates,  as  well  as  in  purification  enzyme  systems. 
Reaction  mechanism  between  SH  and  various  tocopherol  derivatives  shall  b» 
analyzed.  The  effect  of  Factor  3-selenium  will  be  studied  on  these 
systems,  as  well  as  on  other  areas  of  intermediary  metabolism,  such  as 
amino  acid  oxidation,  sulfur  amino  acid  utilization,  coenzyme  synthesis 
and  breakdown,  etc. 


Part  B  included:  Yes 
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Part  B»  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

L.  M.  Coivin  and  K.  Schwarz 

Maintenance  of  a-Ketoglutarato  and  Succinate  Oxidation  in 
E-Deficient  Liver  Homogenates  by  a-Tocopherol,  a  Tocopherol 
Metabolite,  Menadione,  and  DPPD.  Nature  186,  lOliS  (I96Q) . 

¥.  Mertz  and  K.  Schwarz 

Prevention  of  Respiratory  Decline  in  Necrotic  Liver  Degeneration  by 

Antioxidants  in  vitro.  Proc.  Soc.  Exp.  Biol,  and  Med.  102,  561 

(1959).  

L.  M.  CorvrLn  and  K.  Schwarz 

Prevention  of  Decline  of  a-Ketoglutarate  and  Succinate  Oxidation  in 
Vitamin  E-Deficient  Rat  Liver  Homogenates.  J.  Biol.  Chem.  in  press. 

Honors  and  Awards  relating  to  this  project: 

None 
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WIAMD  LHE  #8 

1.  Nutrition  and  Endocrinology 

2.  Fractionation  8e  Isolation 

3 .  Bethesda 


Part  A 


Project  Title:  Studies  on  Folic  Acid. 

Principal  Investigator:   M.  Silvermsm  and  J.  C.  Keresztesy 
Other  Investigators:      R.  Gardiner,  K.  0.  Donaldson,  R.  Kislivik 

(From  1/1/60  to  7/13),  B.  T.  Ifeiuftaan 
(From  10/10/60). 
Man  Years  (Calendar  Year  i960): 
Total:         5 
Professional    k 
Other:         1 
Project  Description: 

Stiodies  on  folic  acid: 

(a)  Naturally-occurring  forms  of  folic  acid  (Prefolic). 

(b)  Enzymatic  conversion  of  prefolic  acid  to  known  forms. 

(c)  Folic  acid  profiles  of  cells  and  tissue. 

(d)  Mechanism  of  reduction  of  H^^  formyl- folic  acid  to 
the  tetrahydro  level. 

Major  findings:  The  enzymatic  conversion  of  prefolic  A  to  tetrahydxo- 
folic  acid  was  found  to  he  effectively  mediated  thro\igh  vitamin  Ka 
(menadine)  as  the  hydrogen  acceptor.  Dicumarol  inhibited  this  reaction. 
The  reverse  reaction,  tetrahydrofolic  acid  to  prefolic  A,  was  found  to 
proceed  when  the  reaction  was  coupled  with  a  reduced  diphosphopyridine 
nucleotide -menadione  reductase  system.  This  conclusion  is  based  on  micro- 
biological assay  results  and  needs  confirmation  by  further  identification, 
of  the  reverse  reaction  product.  All  resiolts  indicate  that  prefolic  A  is 
a  reduced  tetrahydrofolic  acid. 

It  has  been  demonstrated  that  the  toxicity  of  folic  acid  antagonists 
(aminopterin,  amethopterin)  may  be  increased  significantly  when  these  com- 
pounds are  reduced  to  the  tetrahydro  level.  These  resiilts  together  with 
the  observations  of  others  (that  these  compounds  can  be  reduced  metabol- 
ically)  suggest  that  in  vivo,  these  inhibitors  exert  their  effects  after 
metabolic  reduction  to  the  tetrahydro  level. 

Folic  acid  "profiles"  of  cells  and  tissues: 

Althovigh  much  published  material  dealing  with  concentrations  of  folic 
acid  activities  in  cells  and  tissues  is  available,  very  little  quantitative 
data  concerned  with  the  occurrence  of  specific  forms  of  folic  acid  in  ce2J.s 
and  tissues  have  been  published.  Employing  a  combination  of  procedures 
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developed  in  this  and  other  laboratories  (protection  of  labile  materials 
with  reducing  agents,  chranatography  on  DEAE  cellulose,  differential 
microbiological  assays  of  fractions  with  3  microorganisms  showing  different 
degrees  of  specificity)  it  is  possible  to  determine  the  folic  acid  "pro- 
files" of  several  cells  and  tissues.  Amounts  of  sample  containing  in  the 
order  of  one -thousandth  (l/lOOO)  micromoles  are  required  for  stich  an 
analysis . 

Profiles  have  been  determined  for  (l)  cells  which  are  dependent  on  a 
vertebrate  host  for  a  so-urce  of  folic  acid  (ascites  tijmor  cells  grown  in 
mice),  (2)  cells  capable  of  synthesizing  its  own  folic  acid  frcan  inorganic 
ammonia  and  glucose  (Pseudomanas  fluorescens),  (3)  cells  which  require  for 
growth  a  reduced  form  of  folic  acid  (Pediococcijs  cerevisiae),  and  (k)   ce3J.s 
capable  of  utilizing  folic  acid  or  its  reduced  derivatives  (L.  casei  and 
Strep,  faecal  is  R). 

The  results  obtained  in  the  study  of  the  ascites  cells  demonstrate 
that  the  major  folic  active  coaponent  (805^)  present  is  N-^^  formyltetrahy- 
drofolic  acid.  The  other  comi)onents  consist  of  small  amovmts  of  n5  formyl- 
tetrahydrofolic  acid  and  unsubstituted  tetrahydrofolic  acid.  In  contrast, 
the  liver  of  the  host  contains  primarily  prefolic  A  and  small  amounts  of 
the  tetrahydrofolic  acid  compounds  mentioned  above.  These  observations 
are  of  interest  in  that  the  results  imply  that  the  functional  form  of  folic 
acid  in  the  tumor  cells  is  a  monoglutamate  derivative  redxiced  to  the  tetra- 
hydro  level.  It  has  been  suggested  that  only  the  polyglutamyl  derivatives 
of  folic  acid  are  the  truly  functional  forms.  This  is  obviously  not  so 
for  ascites  timior  cells.  (The  study  on  the  ascites  t\Mor  cells  was 
carried  out  in  collaboration  with  Dr.  Lloyd  Law,  NCI.) 

All  the  peaks  found  in  the  profiles  of  the  other  cells  mentioned 
have  not  yet  been  characterized.  It  appears  that  in  addition  to  several 
known  components,  the  free  living  bacteria  contain  several  derivatives  of 
folic  acid  which  have  not  been  previously  noted. 

In  the  presence  of  TPNH  and  a  suitable  protein  fraction  from  chicken 
liver,  folic  acid  is  readily  reduced  to  tetrahydrofolic  acid.  W-^   formyl 
folic  acid  does  not  serve  effectively  as  a  substrate  in  this  system.  How- 
ever, crude  liver  preparations  containing  added  ATP  Mg**,  DPIN-H  or  TPW-H 
and  folic  acid,  reduce  N   formyl  folic  acid  to  the  tetrahydro  level.  An 
attempt  is  being  made  to  clarify  the  pathway. 

Significance  to  MIAMD  research;  The  isolation  and  identification  of 
the  various  metabolites  of  folic  acid  will  result  in  a  better  understanding 
of  the  biochemistry  of  the  anemias  and  levikemias.  Eie  mechsmisms  by  which 
folic  acid  derivatives  influence  the  formation  of  purines  are  being  widely 
studied.  This  project  is  directed  at  discovering  how  the  various  forms 
of  folic  acid  exist  in  the  body  and  how  they  are  changed  from  inactive  to 
active  forms. 
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Proposed  coiirse  of  xg'oject; 


(1)  To  isolate  tbs  two  foims  of  prefolic  acid  and  establish 
their  chemical  structvtre. 

(2)  To  study  the  reactions  concerned  in  the  transformation  of 
tetarahydrofolic  acid  to  prefolic  A. 

(3)  To  establish  and  correlate  folic  acid  profiles  for  a  variety 
of  tissue. 

(h)     To  study  the  mechanism  involved  in  the  reduction  of  If'-^ 
formylfolic  acid  to  the  tetrahydro  level. 


Part  B  included. 
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Part  B: 

Publications  otbsr  than  abstracts  from  this  project: 

Brovm,  Donald  D.,  Silva,  Omega  L.,  Gardiner,  Rita  C,  and  Silverman,  Milton j 
Metabolism  of  formiminoglutamic  acid  by  vitamin  B12  ^^^  folic  acid  deficient 
rats  fed  excess  methionine.  J.  Biol.  Chem.  235:  2058-2062,  1960. 

Gardiner,  Rita  C.  and  Silverman,  Milton: 

Influence  of  vitamin  Bip  on  the  iirinary  excretion  of  folic  acid  metabolites 

by  the  rat.  Arch.  Biochem.  and  Biophys.  8O:  313-31?,  I96O. 

Silverman,  Milton,  Gardiner,  Rita  C,  and  Bakerman,  Howard  A.: 

The  excretion  of  formiminoglutamic  acid  by  the  rat.  Infliaence  of  dietary 

ethionine  and  fat.  Arch.  Biochem.  and  Biophys.  87:  306-3II,  196O. 

Szvilmajster,  Jekisiel  and  Gardiner,  Rita  C: 

Enzymatic  formation  of  polyphosphate  in  an  anaerobic  bacterium, 

Biochim.  Biophys.  Acta  39:  165-I67,  196O. 

Kislivik,  Roy  L.: 

A  mild  procedure  for  separating  enzymes  and  cof actors. 

Biochim.  Biophys.  Acta  hO:   531-532,  I960. 

Silverman,  Milton; 

M^-pormyltetrahydrofolic  acid-glutamic  acid  transfoimylase  from  hog 
liver.  Methods  in  Enzymology,  Colowick  and  Kaplan,  New  York,  Vol.  V. 
In  press. 

Klsliuk,  R.  L. 

Reduced  folic  acid  analogues  as  antimetabolites.  Kature  I88;  581t-,  1960. 
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1.  Nutrition and  Endocrinology 

2.  Fractionation  St  Isolation 

3.  Bethesda 


Part  A 


Project  Title:      Large-scale  processing  of  biological  material. 

Principal  Investigator:      John  C.  Keresztesy 

Other  Investigators:        None 

Cooperating  Units:         NEE  -  Natural  Products  Laboratory 

Man  Years  (Calendar  Year  I96O): 

Totiil:         1.5 

Professional:    0,50 

Other:         1.00 

Project  Description: 

Objectives:  Ifeny  problems  of  imjxjrtance  in  the  biochemistry  of 
disease  req.viire  the  isolation  and  identification  of  substances  which  are 
present  in  only  trace  amounts  in  the  natural  product.  It  becomes  nec- 
essary, in  order  to  obtain  sufficient  quantities  of  the  desired  ccanpound, 
to  process  large  amounts  of  biological  materials,  such  as  liver,  brains, 
excretory  prodiacts,  plant  materials,  etc. 

Ifethods  employed:  The  laboratory  is  equipped  with  large-scale  apparatus, 
such  as  stills,  filters,  reaction  and  extraction  kettles,  etc.  In  most 
isolation  problems  the  original  small-scale  process  has  to  be  modified  smd 
developed,  so  that  it  can  be  carried  out  efficiently  on  the  larger  scale. 
This  adaptation  or  process  development  is  an  important  function  of  the 
laboratory.  The  degree  of  participation  of  the  laboi^tory  varies  according 
to  the  needs  of  the  specific  problems. 

Major  findings:  The  facilities  of  the  large-scale  laboratory  continued 
assisting  investigators  of  the  various  Institutes  in  projects  requiring 
leirger  than  usijal  laboratory  equipnent.  This  has  been  especially  true  of 
100  gal.  fermentation  tank  which  was  used  over  50  times  for  growing  large 
batches  of  non-virulent  bacteria.  Im.pravemfints  and  refinements  of  the 
equipaent  were  made. 

Significance  to  NIAMD  research:  Ordinary  laboratories  lack  facilities 
to  effectively  carry  on  studies  which  require  the  extraction  and  processing 
of  large  quantities  of  biological  materials.  However,  with  the  equipment 
and  trained  personnel  of  the  large-scale  laboratory,  such  investigations 
as  the  isolation  of  the  prefolic  acids  can  be  \mdertaken  and  successfully 
completed. 
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Proposed  coi;irse  of  project;  To  continue  to  offer  assistance  in 
large-scale  operations  as  required  by  svtch  projects  as  prefolic  acid 
and  the  alkoloid  problem  (NHI). 


Part  B  not  included. 
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1.  Nutrition  8s  Endocrinology 

2.  Fractionation  &  Isolation 
3«  Bethesda 

Part  A 

Eroject  Title:     Microbiological  assays  for  vitamins  and  amino  acids. 

Principal  Investigator:      Milton  Silvermsm 

Other  Investigators:        H.  Bakerman,  M.  Rcmine 

Cooperating  Units:  None 

^feJl  Years  (Calendar  Year  I960): 

Total:  3.5 

Professional:      I.5 
Other:  2 

Project  Description: 

Objectives:   The  determination  of  various  vitamins  and  amino  acids 
in  foodstuffs,  body  tissues  axid  excretory  products  can  be  carried  out  by 
the  use   of  microbiological  assays.  Samples  submitted  by  investigators  on 
nutritional  and  allied  projects  are  ajialyzed  for  their  content  of  the  speci- 
fic vitamin  or  amino  acid  under  study.  New  procedures  are  developed  as 
required. 

^thods  employed:  The  use  of  microbiological  assays  continues  to  be 
of  major  importance  in  the  studies  on  folic  acid.  For  example,  with  suit- 
able test  conditions  one  can  distinguish  between  folic  acid  ajid  its  reduced 
derivatives.  Ftirther,  the  concentrations  of  5-  sj^  10-  formyl  derivatives 
of  tetrahydrofolic  acid  in  millimicrogram  amounts  can  be  determined  in  the 
presence  of  each  other  and  in  the  presence  of  tetrahydrofolic  acid. 

Major  findings:  Methods  have  been  devised  to  improve  the  assay  for 
pre-folic  acid  "A".  Current  results  indicate  that,  in  liver,  this  compound 
is  the  major  ccaupoissnt  which  possesses  folic  acid  activity. 

A  practical  microbiological  procedure  has  been  devised  to  determine 
concentrations  of  tetrahydrofolic  acid  in  biological  materials.  The  method 
measures  amounts  of  tetrahydrofolic  acid  in  the  millimicrogram  range. 

Significance  to  NIAMD  research;  These  microbiological  assay  proce- 
dures are  a  very  important  tool  for  the  aeasurement  of  the  concentrations  of 
various  cell  constituents,  i.  e,,  amino  acids  and  vitamins. 
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Proposed  coirrse  of  project;  To  continije  eijrrent  microbiological 
problems  and  collaborate  when  called  upon  vith  other  groups  on  projects 
requiring  microbiological  assays  of  vitamins  and  amino  acids. 


Part  B  included. 
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Part  B: 

Publications  other  than  abstracts  from  this  project: 

Rcmine,  Marjorie  K.  The  folic  acid  activity  of  hianan  livers  as  measiired 
vith  Lactobacillus  easel.  Journal  of  Vitaminology  (japan)  6: 
196-201,  I960. 
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1.  Nutrition  &  Endocrinology 

2.  Endocrinology 

3.  Bethesda 


Part  A 


Project  Title:       Studies  on  the  secretion  and  metabolism  of 

steroid  hormones. 

Principal  Investigator:      Dr.  Hildegard  Wilson 

Other  l7T"-estigators:        Mr.  David  W.  Ryan  -  KIAMD 

Dr.  Mortimer  Lipsett  -  NCI 
Dr.  Lavrence  Schneiderman  -  NIDR 
Dr.  Saul  Rosen  -  NIAMD 
Dr.  Stephen  Schenier  -  HIAJD 

Cooperating  Units:         NCI,  NXDR,  NIAID,  NHE 

Man  Tears  (Calendar  Year  I96O): 
Total:       2.5 
Professional:  I.5 
Otbsr:       1.0 

Project  description: 

Objectives: 

Xi)  Clarification  of  the  derangements  in  adrenocortical  biosyn- 
thetic  processes  in  adrenal  carcinoma. 

(2)  Delineation  of  abnormalities  in  steroid  secretion  and 
metabolism  in  certain  endocrine  disorders. 

(3)  Delineation  of  abnormalities  in  steroid  metabolism  in  a 
case  of  "etiocholanolone  fever". 

(k)     Cooperation  with  the  Clinical  Endocrinology  Branch,  NIAMD, 
and  other  investigators  in: 

(a)  Diagnosis  of  endocrine  patients. 

(b)  Specialized  problems  of  steroid  analysis. 

Methods  and  Major  Findings: 

Analytical  methods  previo\isly  developed  and  described  in 
earlier  reports  have  been  used,  with  minor  improvements.  A  method  for  the 
determination  of  J^^^-pregnenediol  and  other  js  5-3 /j  -OH  steroids  has  been 
developed. 

1.  Adrenocortical  carcincaiia;  Determinations  were  made  of  the  major 
urinary  metabolites  of  adrenocortical  hormones,  ajid  of  intermediates  in 
their  biosynthesis. 
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To  ccmpare  adrenal  carcincana  and  normail  persons,  a  simple  scbematic 
presentation  of  the  efficiency  of  each  step  in  adrenal  steroid  synthesis 
has  been  devised,  based  on  the  amoimts  of  metabolites  of  each  intermediate 
Illative  to  those  of  the  completed  hormone. 

As  compared  to  normal  women,  the  following  major  differences  were 
found  in  two  women  with  adrenal  carcinoma.  Figtares  are  derived  from  the 
determined  metabolites: 

(1)  A  3-  to  10-fold  increase  in  the  total  amoimt  of  /^\^-pregnenolone 
made  available  for  steroid  hormone  synthesis. 

(2)  An  increased  proportion  of  the  total  synthesis  going  into  the 
"androgen"  j)a-tiviira.-yf   especially  in  a  virilized  patient. 

(3)  A  large  increase  in  dehydroepiandrosterone  which  coiald  not  be 
further  transformed,  and  was  secreted  and  excreted  as  such. 

(k)     An   increase  from  h^  to  30f>   in  the  proportion  of  11-deoxycortisol 
which  was  not  11-hydroxylated  to  yield  Cortisol. 

(5)  An  overa3JL  increase  from  325^  to  525^  in  the  proportion  of  proges- 
terone not  converted  to  Cortisol. 

2.  Endocrine  disorders; 

(a)  Klinefelter' s  syndrone;  This  disorder  of  males  is  characterized  by 
tiypogonadism,  gyneccanastia,  and  high  titers  of  gonadotropins,  yet  no  definite 
aijnormality  in  urinary  steroids  has  previously  been  fotuad. 

Three  subjects  studied  by  our  techniques,  however,  were  markedly  defi- 
cient in  androgens,  and  low  in  Cortisol  metabolites,  as  compared  to  noimal 
males  of  similar  age.  Excretion  of  pregnanediol  and  ^_\5_pregnenediol, 
never  previously  studied  in  this  syndrome,  was  near  or  above  normal. 

(b)  Stein-Leventbal  syndrome;  This  disorder  of  young  women  is  charac- 
terized by  enlarged  ovaries,  and  hirsutism  or  other  signs  of  masculinization. 

(1)  Urinary  steroid  patterns:  Two  patients  showed  some  elevation 
in  androgen  metabolites  and  in  dehydroepiandrosterone. 

(2)  Incubation  of  ovarian  slices  with  ^-C^^-progesterone: 
This  was  done  to  see  whether  the  abnormal  ovaries  would 
synthesize  androgens  (viz  -  testosterone).  Testosterone 
was  not  detected  from  either  Stein-Leventhal  or  normal 
ovaries.  Both  formed  small  amounts  of  presumptive  andro- 
stenedione.  Other  metabolites  were  similar  in  both. 

3.  Etiocholanolone  fever;  Other  workers  have  shewn  that  in  this 
disorder  there  is  a  marked  elevation  of  xmconjugated  etiocholanolone  (a  pyro- 
genic  steroid)  in  the  blood  plasma.  This  has  been  attributed  to  either  over- 
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production,  or  failvire  of  conjugation  and  excretion,  or  both,. 

The  febrile  patient  studied  here  had  been  diagnosed  elsewhere  on  the 
basis  of  elevated  plasma  etiocholanolone .  He  was  on  the  NIAID  ward  (Dr. 
Vernon  Knight,  Clinical  Director).  Dr.  Steven  Schenker,  NIAID,  has  collab- 
orated with  us  in  this  study. 

In  our  patient,  the  proportion  of  etiocholanolone  prodviced  from  one  of 
its  known  precursors  was  examined  by  giving  testosterone.  Whereas  normal 
subjects  convert  this  honnone  to  roughly  equal  amounts  of  etiocholanolone 
(5  )  and  androsterone  (5  •  ),  the  patient  formed  about  k   times  as  much  etio- 
cholanolone as  androsterone. 

Similarly,  U  -hyiroxyandrostenedione,  normally  converted  to  205&  of 
5  '  metabolites,  fomed  kO^  and  h2^   of  5,;  steroids  in  this  subject. 

Etiocholanolane  itself  administered  to  this  patient,  was  essentially 
all  excreted  during  the  following  2k  ho\3rs,  conjtigated  as  the  gltictjronide. 

k.     Cooperative  projects. 

(a)  Two  obese  patients  from  Dr.  Donald  Whedon's  service  are  being 
studied  before  and  after  ACTH  to  test  for  abnormal  adrenocortical  function. 

(b)  Tbe  effect  of  drugs  on  the  induction  of  enzymes  metabolizing 
steroids  was  followed,  wiiJi  Dr.  L.  Garren,  KCI.  Rats  pre-treated  with 
phenobarbital  showed  a  several  fold  increase  in  microsonal  liver  enzyme 
which  hydrozylated  ajidrosteronfi . 

(c)  The  possibility  of  using  Sqixirrel  Monkeys  for  studies  of  nervous 
control  of  androgen  secretion  was  explored  with  Dr.  E.  Anderson,  NIAMD.  and 
Dr.  FauL  Maclean,  NIMH.  Meiiabolites  of  administered  testosterone  k~C^^ 
were  excreted  in  urine  to  a  negligible  extent. 

(d)  A  patient  receiving  MER-29,  which  blocks  cholesterol  formation 
in  vivo  has  been  studied  for  the  effect  on  slieroid  synthesis.  (Witti  Dr. 
DeWitt  Goodman,  NEC).  Preliminary  results  indicate  tiiat  Cortisol  synthesis 
was  not  seriously  blocked. 

Significance  to  NIAMD  research; 

(1)  The  studies  on  adrenal  carcinoma  show  that  this  tissxje  has  biochem- 
ical defects  in  its  cellxolar  organization  of  enzyme  systems  such  that  it 
cannot  complete  the  various  biosynthetic  steps  as  efficiently  as  normal 
adrenocortical  tissue.  Our  relatively  simple  procedure  makes  it  possible 
to  determine  the  extent  of  these  blocks  in  various  patients,  and  has  shown 
that  large  individvial  differences  exist. 
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(2)  Normal  or  elevated  levels  of  pregnanediol  and  A^-pregoenediol 
in  Klinefelter 's  syndrome,  fo\md  by  us  for  the  first  time,  point  to  an 
enzymic  deficiency  in  the  early  stages  of  steroid  synthesis,  either  gonadal 
or  adrenal,  or  both.  This  woiild  explain  the  low  level  of  androgens  fovuad 
by  us. 

(3)  The  abnormal  ratios  of  steroid  5,^ /5.'k   reductases  we  have  found 
in  a  case  of  etiocholanolone  fever  show  that  an  imbalance  of  these  enzymes 
may  be  at  least  a  partial  cause  of  the  disorder.  Moreover,  the  finding 
that  this  imbalance  extends  to  11-hydroxylated  steroids  suggests  that  other 
pyrogenic  metabolites  besides  etiocholanolone  may  acctmulate.  Rapid  excre- 
tion of  administered  etiocholanolone  as  the  glucuronide  shows  that  the 

fever  is  probably  not  d-ve   to  an  inability  to  conjugate  and  excrete  the  steroid. 

(U)  Failure  to  recover  metabolites  of  testosterone  in  the  urine  of 
sqvdxrel  monkeys  means  that  these  animals  cannot  be  used  for  studies  of 
androgen  secretion  via  \irine  axialysis. 

Proposed  course  of  projects; 

(1)  The  studies  on  adrenal  carcinoma  are  almost  completed  and  will  be 
continvied  only  in  cases  of  tinusual  interest. 

(2)  a.  The  stxidies  of  KLinef elter •  s  syndrome  are  completed  as  planned, 
b.  The  metabolism  of  ovariaai  tissue  in  Stein-Leventhal  syndrcane 

will  be  continvied.  The  technique  of  incubation  will  be  varied  in  hopes  of 
obtaining  testosterone.  Further,  ovarian  vein  blood,  obtained  at  surgery, 
will  be  analyzed  for  androgenic  steroids. 

(3)  The  present  patient  with  etiocholanolone  fever  is  to  be  further 
studied  and  compared  \ri. th  appropriate  control  subjects.  It  is  planned  to 
give  thyroid  hormone  to  see  whether  it  changes  his  ratio  of  5/-  /5;<  reduc- 
tases, as  it  does  in  other  individuals.  The  mode  of  conjtigation  of  his 
urinary  steroids  is  to  be  explored.  Additional  subjects  will  be  studied 
in  the  same  way  if  they  beccme  available. 


Part  B  included. 
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Part  B 

Publications  other  thaoa  abstracts  from  this  project: 

1.  Wilson,  H.,  Lipsett,  M.  B.,  and  Butler,  L.  C.  ' 

Steroid  excretion  in  hypophysectcmized  vcaien,  and  the  initial  effects 
of  ACTS.  J.  Clin.  Endocrinol.  &  Ifetab.  20:53l|-5l+5,  196O. 

2.  Wilson,  H. 

Steroid  hormone  metabolites:  Their  origins,  distribution  and  measure- 
ment, in  "Lipids  emd  steroid  hormones  in  clinical  medicine",  ed.  by 
F.  W.  Sunderraan,  J.  B.  Lippincott  &  Co.,  i960,  p.  IOO-IO6. 

3.  Wilson,  H. 

Partition  chrccatography  of  the  steroid  hormones,  ibid,  p.  123-1^0. 

k.     Wilson,  H.  "Comprehensive  Analysis  of  Urinary  Steroids",  ibid,  p.  128, 

5.  Wilson,  H.  c   /) 

Absorption  spectra  of  ,_ '^-^ -3  '  -hydroxy  steroids  in  several  sulfuric  acid 
reagents.  Analytical  Biochemistry.  In  Press. 
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1.  IJutrition  and  Endocrinology 

2.  Endocrinology 

3.  Bethesda 


Project  Title:         Physiological  studies  in  rats  bearing 
anterior  pituitary  tianors. 

Principal  Investigators:         Dr.  Evelyn  Anderson,  Dr.  Richard  C. 

Grindeland  (Guest  Worker)  and 
Mrs,  Frances  E.  Wherry. 

Other  r.-.vestigators:  None. 

Cooperating  Units:  None. 

Man  Years  (Calendar  Year  I96O): 
Project  Description: 

Objectives;   Experiments  are  being  planned  to  stvidy  the  following: 

1.  The  various  hormones  elaborated  by  the  tumors. 

2.  The  effect  of  the  hormones  secreted  by  the  t\aaors  on  endo- 
crine and  metabolic  processes  of  the  animal  bearing  the  tumor. 

3.  The  use  of  these  pituitary  tumors  to  study  the  various  neiiro- 
humoral  substances  which  trigger  the  release  of  pituitary 
hormones.  ' 

Methods  employed:  The  first  project  listed  above  has  been 
started.  Animals  bearing  tumors  have  been  hypophysectcmized  and  the  food 
intalce  and  growth  rate  meas\ired  and  the  secretory  function  of  the  adrenal 
studied. 

Ifejor  findings:  The  rats  bearing  tumors  continue  to  grow  after 
hypophysectony,  and  the  secretory  rate  of  corticosterone  continues  at  an  ele- 
vated rate.  From  this  it  is  concliided  that  the  t\miors  elaborate  growth  hor- 
mone and  ACTH. 

Significance  to  MIAMD  research:  The  rats  bearing  tumors  which  elaborate 
pituitary  hormones  offer  new  approaches  to  many  aspects  of  basic  endocrinology. 

Proposed  course  of  project:   Dr.  Grindeland  began  work  on  this  project 
d\jring  the  summer  of  I960  while  a  Guest  Worker  in  the  Endocrinology  Section. 
He  has  applied  for  a  post-doctoral  fellowship  for  196I  in  order  that  he  may 
retxim  to  this  laboratory  and  continue  the  project  as  outlined. 

Kirt  B  not  included. 
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1.  Nutrition  and  Endocrinology 

2.  Endocrinology 

3.  Betbssda 


Part  A 


Project  Title:      Stvidy  of  protein  hormones:  Biosynthesis,  isolation, 
£Lnd  physiological  actions  of  hormones. 

Principal  Investigators:       Dr.  Robert  W.  Bates  and  Dr.  Iteter  G. 

Condliffe 
Other  Investigators:   Mr.  Edward  Harrison,  Mrs.  Ifery  M.  Garrison, 

Dr.  Richard  A.  Miller  (to  August  I5,  i960) 

axid  Dr.  Emily  Eramart. 

Cooperating  Units:     None. 

Man  Years  (Calendar  Jeax  I960): 
Total:        31/3 
Professional:  1  2/3 
Other:        2 

Project  description: 

Objectives:  To  isolate  protein  hormones,  especially  anterior  pit- 
uitary hormones,  from  pituitary  glands;  from  functional,  transplantable  mouse 
or  rat  pitviitary  tutors,  smd  from  blood;  to  stxidy  the  primary  and  secondary 
structure  of  protein  hormones,  especial  1,y  the  anterior  pitviitary  hormones; 
to  investigate  the  nature  of  these  hormones  as  they  circulate  in  the  blood- 
stream, to  correlate  chemical  structxire  and  biological  function. 

Methods  employed:  Hormones  are  extracted  f rem  pituitary  glands, 
rat  or  mouse  pituitary  txjmors,  and  frcm  blood.  Crude  extracts  which  may 
contain  several  hormones  are  fractionated  by  techniques  ccsnraonly  used  in 
protein  chemistry,  such  as  salt  precipitation,  solvent  fractionation,  iso- 
electric precipitation,  preparative  electrophoresis,  ion-exchange  chrcma- 
tography  and  coiinter-cunrent  distribution.  Various  quantitative  biological 
assays  are  required  to  determine  the  concentration  of  the  several  hormones 
in  the  protein  fractions.  Physical  properties  of  the  piurifled  hormones  are 
determined  by  free  electrophoresis,  sedimentation,  diffusion  and  other  tech- 
niques for  the  stxjdy  of  proteins.  Identification  and  quantitative  estimation 
of  the  amino  acid  cairposition  of  the  pvurified  hormones  are  made  by  paper  and 
ion  exchange  chromatography.  Kinetic  methods  for  the  study  of  organic  reac- 
tions are  \ised  to  prepare  suitable  derivatives  of  the  hormones  for  strvic- 
tural  analysis.  Immunological  techniques  for  identification  of  the  proteia 
hormones  are  used. 
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Major  findings; 

Thyrotropin  TSH:  The  two  lines  of  transplantable,  TSH-producing 
pituitary  timors  in  mice  that  have  been  studied  through  10  transfers  over 
a  period  of  7  years  have  been  dropped  because  of  decreasing  content  of 
TSH.  Over  the  last  two  years  attempts  to  dsvelop  new  tumor  lines  have  been 
made.  Of  same  30  primary  pituitary  tumors  transplanted  only  4  or  5  have 
proven  to  be  highly  potent.  Mice  with  these  new  highly  potent  tumor  lines 
have  enlarged  bile  ducts  and  blood  levels  of  TSH  around  IO-I5  xinits/ml. 
This  means  that  lyophilized  plasma  has  a  TSH  potency  of  0.1  to  0.2  vl/tos., 
which  is  nearly  equal  to  the  concentration  of  TSH  in  the  tumor  or  iJae 
pitviitary  of  the  mouse  and  3  to  5  times  the  concentration  of  TSH  in  the 
pituitary  glands  of  man  or  domestic  animals.  These  new  lines  shoTold  pro- 
duce valuable  supplies  of  blood  and  tumor  for  purification  stvidles. 

One  major  disappointing  finding  has  been  that  all  of  the  dog  pre- 
parations of  TSH,  made  by  Dr.  CondLiffe  before  his  year's  leave  of  absence, 
upon  retesting  after  his  return,  have  lost  more  than  half  of  their  biolog- 
ical activity.  This  problem  of  stability  is  a  major  one. 

TSH  preparations  run  through  G-75  Sephadex  columns  as  to  large 
molecular  weight  proteins,  but  consideiuble  lower  molecular  weight  ajid  non- 
dialyzable  peptides  are  removed. 

Insulin:  i-'-31  labeled  insulin  studies  on  Sephadex  columns  showed 
that  on  G-25  insulin  traveled  with  ixroteins;  on  C-50  insulin  was  signifi- 
cantly i^tarded;  on  G-75  insulin  was  retarded  sufficiently  to  suggest  the 
feasibility  of  separation  from  plasma  proteins. 

Prolactin;  Several  orientation  extraction  and  fractionation  exper- 
iments were  done  to  determine  their  effect  on  yield  or  stability  of  pro- 
lactin. These  confirmed  earlier  impressions  that  prolactin  from  sheep 
pituitaries  is  more  stable  in  most  solvents,  especially  acid  ethanolic  or 
acetonic  solvents,  than  prolactin  from  bovine  glands.  This  instability  has 
made  purification  of  prolactin  difficvilt  frcm  all  species  other  than  sheep. 

Blood  plasma  from  rats  bearing  large  transplantable  "mammotropic"  pit- 
uitary tumors  has  been  acctanulated  over  the  last  two  years.  Because  of 
expected  bioassay  difficvilties,  tests  for  prolactin  in  this  blood  were  not 
made  until  recently.  The  preliminary  tests  have  shown  surprisingly  that 
the  plasma  contains  as  much  prolactin  per  mg.  of  dry  plasma  as  the  tumor 
powder  does.  This  is  the  first  clear  evidence  for  the  claims  that  mammary 
development  in  these  rats  probably  is  di:e  to  increased  prolactin  levels  in 
the  blood.  The  preliminary  immunological  studies  with  prolactin  as  the 
antigen  have  been  done  with  Dr.  Emmart.  Precipitan  and  gel  diffusion  tests 
are  encouraging  but  the  antisera  has  failed  to  neutralize  the  effect  of 
prolactin  on  the  cropsac  of  pigeons. 
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Stvuiies  in  hypophysectcaaized  pigeons;  The  effect  of  purified  growth 
hormone  upon  hypophysectanized  pigeons  had  not  been  tested  previotisly. 
Both  piirified  growth  hormone  and  prolactin  vere  poor  stitatilators  of  food 
intake  and  body  weight  increase  in  hypophysectcaaized  pigeons.  Ccaabination 
of  the  two  hormones  did  not  increase  the  effect.  A  combination  of  thyroxin 
and  prednisone  had  no  effect  on  body  weight  and  food  intake.  When  thyroxin 
and  prednisone  injections  were  combined  with  injections  of  G.  H.  or  pro- 
lactin the  effects  of  the  pituitary  hormones  were  increased.  G.  H.  was  abovrt 
twice  as  potent  as  prolactin.  When  all  fovtr  hormones  were  given  together 
a  true  augmentation  or  potentiation  occurred  so  that  20  ug,  of  the  ccm- 
binatlon  of  all  fovir  hormones  had  a  greater  effect  than  1  mg,  of  either 
G.  H.  or  prolactin  alone.  The  effects  of  the  injections  upon  weights  of  gut, 
liver,  pancT^as  and  kidney  were  similar  but  greater  in  magnitude  than  the 
effect  on  body  weight  confirming  the  splanchncaoegalic  effect  of  pitviitary 
hormones  in  pigeons. 

Significance  to  HIAMD  research;  The  mectanism  of  action  of  pituitary 
hormones  is  not,  as  yet,  understood.  Progress  will  depend  upon  availability 
of  pure  hormones,  a  Imowledge  of  their  structure,  and  the  accxu^iCy  and  sim- 
plicity of  the  bioassay  procedxares.  Progress  in  this  area  has  been  achieved 
by  oviT   improved  methods  for  isolation  and  bioassay  of  the  hormones.  It  is 
hoped  that  these  methods  will  permit  determination  of  blood  levels  of  TSH 
in  patients. 

Proposed  course  of  project;  Efforts  will  be  continvied  to  prejare  highly 
purified  TSH  for  the  following  puorposes;  to  furnish  material  for  studies  of 
its  physico-chemical  properties,  of  its  immunochemical  properties  and  of  its 
primary  and  secondary  structure.  To  this  end  a  large  batch  of  the  hormone  is 
being  prepared  from  partly  purified  material  obtained  ccsnmercially.  In  addi- 
tion to  the  above  areasons  for  this  preparative  effort,  the  isolated  TSH  will 
be  used  as  a  carrier  protein  for  xise  in  reccr/ering  TSH  in  experiments  on  its 
biosynthesis.  The  physico-chemical  homogeneity  of  TSH  and  prolactin  will  be 
assessed.  Amino  acid  ccMposition  will  be  determined,  together  with  the  ter- 
minal amino  acids.  For  this  purpose  kinetic  st\«lies  on  enzymatic  degradation 
and  on  the  preparation  of  chemical  derivatives  will  be  carried  out.  Studies 
on  the  effect  of  TSH  on  thyroid  physiology  in  the  chick  will  continue.  Tine 
course  studies  -vrLll  be  made  on  the  blood  levels  of  TSH  in  radiothyroidec- 
tcmized  mice  implanted  with  TSH-prodxicing  t\3mors  to  determine  when  the  blood 
levels  of  TSH  rise.  Determinations  of  the  TSH  level  in  blood  of  patients 
will  continue.  Studies  on  blood  content  of  prolactin  and  insulin  are  planned, 
using  our  new  extraction  procedure.  A  new  micro  method  for  detection  and 
bioassay  of  prolactin  is  being  sought. 


Part  B  included. 
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Part  B 

Publications  other  than  abstracts  frcm  this  project: 

1.  Werner,  S.  C,  Otero-Ruiz,  E.,  Seegal,  B.  C,  and  Bates,  R.  W.: 

Neutralization  of  hiiman  serum  and  pituitary  thyrotrophic  fractions 
vith  antisera  to  bovine  pituitetry  thyrotrophin.  l^at^lre  lQ3:k'J2-k'J'i, 
i960. 

2.  Condliffe,  P.  G. ,  Bates,  R.  W,,  Garrison,  M.  M.,  and  Howard,  T,  B.: 

On  the  existence  of  multiple  forms  of  bovine  thyrotrophin. 
Biochim.  and  Biophys.  Acta  37:150-151,  i960. 

3.  Bates,  K.  W.  and  Condliffe,  P.  G.: 

Studies  on  the  chemistiy  and  bioassay  of  thyrotropins  from  bovine 
pituitaries,  transplantable  pituitary  tvaaors  of  mice,  and  blood 
plasma.  In  Pincus,  Gregory  (ed.):  Recent  Progress  in  Hormone 
Research.  Hew  York,  Academic  Press,  I960,  vol.  16,  pp.  309-352. 

k.     Juhn,  Ifery  and  Bates,  Robert  W. 

Thyroid  fxinction  in  silky  feathering.  J.  Exper.  Zoology.  In  Paress. 

5.  SiLver stein,  E.  and  Bates,  R.  W. 

Thyroidal  iodine  concentration  and  thyroidal  radioiodide  concentrating 
ability  in  various  strains  of  mice  and  rats  and  scsse  modifying  factors. 
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Calendar  Year  I96O 
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1.  Nutrition  and  Endocrinology 

2 .  Endocrinology 

3.  Bethesda 

Part  A 

Project  Title:      E^ophyseal  and  extra  hypophyseal  control  of 

activity  in  peripheral  cells  of  the  pigeon. 
Principal  Investi^tor:       Dr.  Richard  A.  Miller  (to  8/15/6O) 
Other  Investigators:     Dr.  Robert  W.  Bates  and  Mr.  Edward  Harrison 
Man  Years  (Calendar  Year  I96O): 
Total:         2/3 
Professional;    I/3 
Other:         I/3 
Project  description:  (l^rt  l) 

Objectives:  To  determine  the  natiK«  and  source  of  the  stimulus, 
evoked  by  insulin  and  formaldehyde,  etc.,  which  causes  a  hypertrophy  of 
the  adrenal  in  the  pigeon  after  the  removal  of  the  pars  distalis. 

Methods  employed:  Insulin  ^ra.s  injected  for  k  to  "J   days  into 
pigeons  from  which,  (a)  the  pars  distalis  alone,  or  (b)  the  pars  distalis 
and  the  infundibulair  process  of  the  hypophysis,  were  removed.  The  weights 
of  the  adrenals  in  these  pigeons  injected  with  insulin  or  formaldehyde,  emd 
in  similarly  operated  but  uninjected  pigeons,  were  determined.  Histological 
study  of  the  hypothalamus,  contents  of  the  sella  turcica  axid  adrenals  are 
being  made. 

Major  findings;  Formaldehyde  or  insulin  caused  a  marked  increase 
in  adrenal  weight  when  the  pars  distalis  was  removed.  When  the  infundi- 
bular process  was  removed  along  with  the  pars  distalis,  a  doubling  of  the 
adrenal  weight  occurred  spontaneously  in  some  birds  and  always  if  formal- 
dehyde was  injected.  This  adrenal  hypertrophy  in  the  absence  of  ACTS 
is  challenging. 

Significance  to  IJIAMD  research:  The  findings  contribute  to 
the  growing  field  of  comparative  endocrinology  and  to  knowledge  of  the 
evolution  of  the  endocrine  system. 

Proposed  course  of  project:     Project  completed. 

Project  description  (Part  2): 

Objectives:  To  develop  a  sensitive  method  for  the  assay  of 
prolactin  in  blood  and  urine. 

Ifethods  employed:  Prolactin  was  injected  intravenovisly  ijato 
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normal  or  hypophysectomized  pigeons  in  a  divided  dose,  two  hours  apart. 
Animals  were  killed  foior  hours  after  the  initial  injection  and  the  number 
of  mitoses  (arrested  in  metaphase  by  colchicine)  counted  in  standard  areas 
of  whole  amounts  of  the  epithelivnn  of  the  cropsacs. 

Major  findings;  The  initial  results  show  that  mitosis  was  increased 
by  a  totaJ.  dose  of  0.02  \mits  (l.O  ug.)  of  prolactin,  but  not  proportion- 
ately increased  by  doses  10  to  100  fold  greater. 

Significance  to  NIAM)  research;  It  is  obviously  desirable  to  be  able 
to  detect  and  assay  prolactin  in  blood  ajid  urine  of  clinical  and  exper- 
imental mstsrial.  The  local  crop  method  in  current  \ise  is  xmsviitable  for 
blood  and  xirine  extracts,  since  toxic  substances  and  trauma  are  known  to 
catise  a  response  simiilating  that  of  prolactin. 

Proposed  course  of  project;  Project  completed. 


Part  B  not  included. 
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Calendar  Year  I960 

NIAMD-LNE-#15 

1.  Nutrition  amd  Endocrinology 

2 .  Endocrinology 

3.  Bethesda 

Bart  A 

Project  title:    ACTH  studies 

Principal  Investigators:     Mrs.  Frances  E.  Wherry,  Dr.  Evelyn  Anderson 

and  Dr.  Robert  W.  Bates 

Other  Investigators:      None 

Cooperating  Units:       None 

Man  Years  (Calendar  Year  I96O): 
Total:     1 
Professional:  2/3 
Other:        I/3 

Project  Description: 

Objectives;  To  investigate  the  level  of  ACTH  in  the  blood  under 
various  conditions. 

Methods  and  ^fe,jor  Findings;  The  project  so  far  has  consisted  of  the 
development  of  an  assay  method  for  minute  amoimts  of  ACTH.  The  method  is 
based  on  the  measvirement  of  corticosterone  in  adrenal  venous  blood  of  hypo- 
physectcmized  rats  following  the  intravenous  injection  of  micro  amounts  of 
ACTH.  The  corticosterone  is  determined  by  a  fluorimetric  method.  The 
findings  so  far  indicate  that  an  amount  of  ACTH  as  minute  as  50  uU  causes 
a  significsint  rise  in  the  corticosterone  level  of  adrenal  vein  blood.  The 
log-dose  response  is  linear. 

Methods  for  the  extraction  of  ACTH  from  plasma  are  being  worked  out. 
It  is  emticipated  that  a  reliable  method  for  the  determination  of  ACTH  in 
blood  can  be  worked  out. 

Significance  to  NIAMD  research;  This  method  should  be  of  great 
valiie  in  stiidies  of  pituitary  and  adrenal  abnormalities. 

Proposed  Course  of  Project;  Stxidies  will  be  carried  out  on  the 
influence  of  the  CNS  in  the  release  of  ACTH  into  the  blood  stream. 

Part  B  not  inclxided. 
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1.  Nutrition  aid  Endocrinology 

2.  Endocrinology 

3.  Bethesda 

Part  A 

Project  Title:      Neuroendocrine  studies.  (Temporarily  suspended) 
Principal  Investigator:      Dr.  Evelyn  Anderson 

Other  Investigators:      Dr.  William  T.  Spence  (Georgetown), 

Dr.  Webb  Haymaker  (AFIP)  and  Mr.  Paul  L.  Koger. 

Cooperating  Units:   Georgetown  University  School  of  Medicine  and 
Armed  Forces  Institute  of  Pathology. 

tfem  Years:   (Calendar  Year  1960)j 
Total:  k 

Professional:     3 
Other:  1 

Project  description: 

Objectives:  To  obtain  further  evidence  for  the  hypothesis  postu- 
lated by  the  authors,  namely,  that  there  is  a  mesencephalic  hypothalamico- 
pituitary  activating  system  closely  linked  to  the  reticvilar  activating  " 
system  of  Magoun. 

Msthods  employed:  Midbrain  transection  in  dogs. 

Major  Findings;  In  a  series  of  dogs  it  has  been  shown  that  tran- 
section of  the  upper  midbrain  disturbs  the  hypothalamico-pituitary  activating 
system.  In  a  niMber  of  dogs  in  which  the  operation  was  not  successful,  the 
opposite  effect  was  noted,  i.  e.,  a  very  marked  increase  of  corticoid  secre- 
tion in  response  to  stress. 

Significance  to  NIAMD  research:  Central  nervous  system  inflviences 
on  metabolic  and  endocrine  activity  are  of  tremendous  importance  in  the  study 
of  human  metabolic  diseases. 

Proposed  course  of  project;  Temporarily  suspended. 


Part  B  included. 
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Part  B: 

Publications  other  than  abstracts  related  to  this  project: 

Anderson,  E.  and  Haymaker,  W.  "Disorders  of  the  Hypothalamvis  and  Pitxiitary 
Gland"  in  Clinical  Me\irology,  2d  Ed.,  ed,  by  Baker,  A.  B.,  New  York, 
Hoeber- Harper.  In  Press. 

Anderson,  E.  "The  Hypothalam\is  and  Adrenocorticotrophic  Hormone  Release" 
in  a  monograph  The  Pathologic  Physiology  of  the  Adrenal  Cortex, 
ed.  by  Stowell,  R.  E.,  Hew  York,  Hoeber- Harper.  In  Press. 
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Calendar  Year  I96O 

NIAMD  LKE-#17 

1.  Nutrition  and  Endocrinology 

2.  Endocrinology 

3.  Bethesda 

Part  A: 

Project  Title:  Insulin  Studies. 

Principal  Investigators:   Dr.  Evelyn  Anderson,  Dr.  Robert  W.  Bates 

and  Mrs.  Frances  E.  Wherry 
Other  Itnrestigators:      None 

Cooperating  Units:        None 

Man  Years  (Calendar  Year  I960): 
Total:  1  1/3 

Professional:     2/3 
Other:  2/3 

Project  Description: 

Objectives:  To  investigate  the  factors  influencing  the  rate  of 
secretion  of  ins\ilin. 

^fethods:  The  methods  used  have  been  described  previously  for  the 
extraction  of  insulin  from  plasma  and  the  assay  of  insulin.  Pancreatic  vein 
blood  of  the  dog  is  collected  for  one  hour.  In  this  preparation  the  hepatic 
artery  is  ligated  in  order  to  excltide  the  liver  from  the  general  circulation 
and  thus  prevent  a  rise  in  blood  sugar.  The  effect  of  pitiiitary  hormones 
(ACTH,  prolactin  and  growth  hormone)  of  the  hypoglycemic  drug  tolbutamide 
and  of  glucose  on  the  stimulation  of  instilin  secretion  has  been  investigated. 

Ife-jor  Findings;  Glucose  stimvilates  the  secretion  of  insToltn;  the 
level  of  instilin  in  the  pancreatic  vein  may  go  as  high  as  20  times  that  of 
the  fasting  level.  Pituitary  hormones  have  no  effect  on  insulin  secretion. 
The  data  on  tolbutamide  so  far  have  been  equivocal,  vith  insulin  levels 
ranging  from  52  uU  to  258  uU  per  ml.  plasma.  Extracts  of  plasma  from  Tol- 
butamide-treated  dogs  are  frequently  toxic  to  the  assay  animals.  A  careful 
stiidy  is  being  made  on  the  methods  of  extraction  of  plasma.  Although 
recovery  experiments  where  crystalline  insulin  1-^31  is  added  to  plasma  give 
a  yield  of  7O-905&,  this  excellent  recovery  may  not  hold  for  native  insulin, 
or  insulin  frcm  the  pancreas  treated  with  tolbutamide . 

Significance  to  NIAMD  research:  A  collaborative  study  carried  out 
with  other  laboratories  at  NIH  and  Harvard  University  coBQaring  the  assay 
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metticads  by  in  vitro  and  in  vivo  methods  vas  reported  at  a  seminar  held  vmder 
the  auspices  oT  the  KetaBolism  Study  Section,  NIH,  in  Los  Angeles,  California, 
Jemxiary  21,  I96O.  The  findings  of  this  study  showed  no  satisfactory  agree- 
ment between  assays  done  by  i^  vivo  and  in  vitro  methods,  nor  was  ttere 
agreement  between  the  two  in  vitro  methods,  the  rat  diaphraga  and  the 
epidldymal  fat  pad. 

Proposed  course  of  project;  Further  study  is  being  made  on  the 
extraction  of  insulin  from  plasma;  after  that,  further  collaborative  studies 
on  insxiLin  assay  will  be  carried  out  and  also  sttidies  on  the  effect  of  tol- 
butamide on  insulin  secretion. 


Part  B  included. 
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part  B: 

Publications  other  than  abstracts  from  this  project: 

Anderson,  E.,  Wherry,  F.,  and  Bates,  R.  W. 

An  in  vivo  method  for  the  assay  of  Insulin.  ^feas^^reIn.ents  of  Pancreatic 
Fimction  in  Clinical  Ifedicine.  ed.  by  Sxmderman,  F.  W.,  Philadelphia, 
Lippincott.   In  Press. 
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Individual  Project  Beport 
Calendar  Year  I960 

NIAMD-LNE  #l8 

1.  Nutrition  and  Endocrinology 

2.  Endocrinology 

3.  Bethesda 

Part  A: 

Project  Title:  CHS  and  aldosterone  secretion. 

Principal  Investigator:  Dr.  Evelyn  Anderson. 

Other  Investigators:     Dr.  James  0.  Davis  (NEE),  Dr.  William  T. 

Spence  and  Dr.  Webb  Haymaker . 

Cooperating  Units:      NHI,  Georgetown  University  School  of  Medicine, 

and  AFIP. 

Man  Years  (Calendar  Year  I96O): 
Ototal:       1 
Professional:  1 
Other:        0 

Project  description: 

Ifethods  and  Ifejor  Findings:  There  is  in  normal  dogs  a  measvirable 
amount  of  aldosterone  into  adrenal  vein  blood  and  in  \jrine.  This  is  increased 
several  fold  when  a  ligature  is  placed  on  the  vena  cava.  Both  normal  and 
caval  dogs  were  subjected  to  a  midbrain  transection.  Urinaxy  aldosterone  is 
measured  before  and  after  the  operation.  On  the  2nd  postoperative  day  the 
left  adrenal  vein  is  cannvilated  and  the  rate  of  aldosterone  secretion  is 
measured.  The  findings  show  that  the  rate  of  aldosterone  secretion  is  not 
altered  by  the  midbrain  transection,  nor  is  the  response  to  bleeding,  namely 
a  rise  in  aldosterone  secretion,  altered  by  the  transection. 

Significance  to  MIAMD  research;  This  should  clear  up  erroneous 
conclusions  which  have  been  published  in  the  current  literature  regarding  a 
hypothetical  "adrenoglanerulotropin-secretion  center"  in  the  midbrain. 

Proposed  course  of  project:  At  present  the  conditions  whicli 
control  aldosterone  secretion  are  not  vmderstood.  This  problem  will  be 
pursued. 


Part  B  incltided. 
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Part  B. 

Publications  other  than  abstracts  frcsn  this  project: 

Davis,  James  0.,  Anderson,  Evelyn,  Carpenter,  Charles  C.  J.,  Aj'urS;,  Carlos  R., 
^ymaker,  Webb  and  Spence,  William  T. 

Effects  of  midbrain  transection  and  subsequent  bleeding  on  aldosterone 
and  corticosterone  secretion.  Am.  J.  Physiol,  (in  Press). 
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Calendar  Year  196O 

NIAMD-LME  #19 

1.  Nutrition  aid  Endocrinology 

2.  Endocrinology 

3.  Bethesda 

Part  A: 

Project  Title:      Study  of  Glycoproteins 

Principal  Investigator:     Dr.  Peter  G.  Condliffe 

Othei  Investigators:       Dr.  E.  A.  Popenoe,  Brookhaven  Laboratory, 

Dr.  Martin  Ottesen,  Carlsberg  Laboratory, 
Copenhagen 
Cooperating  Units:         Brookhaven  National  Laboratory  and 

Carlsberg  Laboratory 
Man  Years  (Calendar  Year  I960): 
Total:         1 
Professional;    1 
Other:         0 

Project  Description: 

Objectives;   To  study  the  chemical  properties  and  structure  of  gly- 
coproteins, particularly  those  of  the  plasma  A i-glycoprotein  orosomucoid. 

Methods:  Orosamicoid  is  prepared  from  plasma  by  salt  fractionation 
and  chrcanatography.  The  homogeneity  of  the  preparations  is  studied  in  the 
ultracentrifiage  and  by  electrophoresis.  Analysis  of  the  component  sugars  are 
carried  out  by  standard  analytical  procedures.  The  glyco-protein  is  modified 
by  the  \ise  of  enzymes,  such  as  bacterial  neuraminidases  .  The  secondary 
structure  of  the  native  and  modified  glycoproteins  is  studied  by  deuterium 
exchange  and  by  optical  rotation. 

Major  Findings;  While  on  leave  of  absence  at  the  Carlsberg  Labor- 
atory, Dr.  Condliffe  foxmd  by  using  the  deuterixm  exchange  technique,  some 
portion  of  the  orosomucoid  molecule  has  in  a  hydrogen  bonded  structure. 
Modification  of  the  molecule  by  removal  of  the  sialic  acid  with 
while  it  alters  the  total  n-umber  of  ejc ctangeable  hydrogens  does  not  appear 
to  alter  the  rate  at  which  the  exchange  occurs. 

Proposed  covirse  of  project:  More  preparations  of  orosomucoid  have 
been  madeand  their  homogeneity  is  being  assessed.  Studies  of  the  optical 
rotatory  dispersion  will  be  carried  out  in  an  effort  to  check  the  findings 
obtained  by  duterium  exchange.  At  a  later  date  it  is  hoped  to  extend  these 
studies  to  other  glycoproteins  such  as  the  gonadotrophin  substajices  fovuad  in 
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the  pituitary,  in  blood  and  excreted  in  the  urine. 


Fart  B  not  included. 
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Serial  No.  NIAMD-LB&M  -1 

1.  Biochemistry  &  Metabolism 

2.  Metabolic  Enzymes 

3.  Bethesda 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A 


Project  Title: 

1.  Mechanism  of  Hormone  Action 

2.  Multiplicity  of  Steroid  Reductases 

3.  Cellular  Heterogeniety  of  the  Mammalian  Liver 
A.  Control  of  TPNH-Dependent  Reactions  by  TPN 

Principal  Investigator:   Gordon  M.  Tomkins 

Other  Investigators:   Richard  F.  Bakemeier 

Giovanna  -Ferro-Luzzi  Ames 

Arnold  Weinberg 

Jean  Curran 

K.  L.  Yielding  (Clinical  Investigations) 

Cooperating  Units: 

Man  Years  (Calendar  year  1960) 
Total:       7  1/2 
Professional:  6 
Other:       11/2 

Project  Description 

OBJECTIVES  -  Project  1  -  Previously  we  found  that  low  concentrations 
of  several  steroid  hormones  could  inhibit  DPNH  cyto- 
chrome c  reductase  between  the  flavin  and  either  cytochrome  b  or  coenzyme  Q. 
This  inhibition  was  overcome  by  Ql-tocopherol .   In  further  investigations  we 
wished  to  study  the  steroid-enzjnne  interactions  to  determine  sites,  mechan- 
isms, and  biological  meanings  of  such  reactions. 

METHODS  AND  MAJOR  FINDINGS  -  It  was  found  that  low  concentrations  of 

estrogenic  hormones  inhibit  crude 
glutamic  dehydrogenase  from  animal  sources  and  the  crystalline  beef  liver 
enzyme.   The  extent  of  the  inhibition  is  correlated  with  the  estrogenicity  of 
the  steroids  and  effects  are  noted  with  diethylstilbestrol,  for  example,  at 
10"^  M.   An  examination  of  the  physical  state  of  crystalline  glutamic 
dehydrogenase  indicated  that  in  the  presence  of  the  steroids,  the  enzyme 

Part  B  included  -  Yes 
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dissociated  into  four  subunits  of  apparently  equal  molecular  weight.   This 
phenomenon  has  been  previously  reported  to  occur  in  the  presence  of  DPNH. 
However,  this  is  the  first  example  in  which  a  steroid  affects  the  physical 
structure  of  an  enzyme.   ADP,  which  reverses  steroid  inhibition  of  the 
enzyme,  also  overcomes  its  steroid-splitting.   More  recently,  we  have  found 
that  the  subunits  of  the  crystalline  enzyme  are  largely  devoid  of  glutamic 
dehydrogenase,  but  are  able  to  catalyze  the  reductive  amination  of  pyruvate 
to  alanine  in  the  presence  of  reduced  pyridine  nucleotides.   This  reversible 
reaction  is  stimulated  by  steroid  hormones  and  other  reagents  which  promote 
disaggregation  of  glutamic  dehydrogenase.   Those  situations  which  favor  its 
reassociation  inhibit  the  alanine  dehydrogenase  reaction.   The  steroid 
hormones  can,  therefore,  control  the  form  of  the  enzyme  which  exists  at  a 
given  time.   These  findings  may  be  of  general  significance  in  explaining 
some  control  mechanisms  and  also  suggest  the  possibility  that  in  the  course 
of  evolution  enzymes  may  have  developed  from  simple  to  complex  molecules. 
During  this  process  their  susceptibility  to  modifying  agents  such  as  steroid 
hormones,  might  become  increased.   They  may  also  undergo  a  change  in  their 
substrate  specificity. . 

Project  2  -  Multiplicity  of  Steroid  Reductases 

OBJECTIVES  -  Previously  ii?e  have  found  that  there  are  a  number  of  micro- 
some bound  A^-S-unsaturated  steroid  reductases,  apparently 
one  enzyme  for  each  steroid.   No  matter  how  slight  a  change  is  made  in  the 
steroid  nucleus,  each  substrate  seems  to  have  its  own  specific  enzyme.   These 
enzymes  are  TPNH-linked  and  catalyze  an  irreversible  reaction.   We  have  begun 
to  study  a  number  of  soluble  5P  reductases  to  examine  their  similarities  and 
differences. 

METHODS  AND  MAJOR  FINDINGS  -  More  recently  we  have  been  following  the 

activities  of  nine  such  enzjmies,  including 
an  enzyme  which  is  apparently  specific  for  a  totally  synthetic  compound, 
9Q;-flurohydrocortisone.   These  are  constitutive  enzymes  and  appear  highly 
substrate-specific.   They  can  be  separated  one  from  the  other  by  simple 
techniques  such  as  ammonium  sulfate  fractionation.   Their  mobility  in  general 
on  DEAE  cellulose  is  similar,  although  not  identical,  and  their  molecular 
weights  are  very  close  as  judged  by  their  mobility  during  density  gradient 
centrifugation.   They  seem  to  be  a  series  of  similar  proteins  differing  at 
the  active  site.   This  view  is  fortified  by  the  fact  that  despite  the 
similar  characteristics  of  the  enzyme,  they  are  separable  and,  surprisingly, 
they  have  different  pH  optima  one  from  the  other. 

Project  3  -  Cellular  Heterogeniety  of  the  Mammalian  Liver. 

4 
OBJECTIVES  -  The  finding  that  there  are  multiple  A  -3-ketosteroid 

reductases,  suggested  the  possibility  that  single  liver 

cells  may  produce  only  one  or  a  few  of  these  enzymes. 
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METHODS  AND  MAJOR  FINDINGS  -  To  test  this,  it  was  first  determined  that 

the  enzymes  are  present  in  the  parenchymal, 
and  not  Kuppfer,  cells  of  the  liver  making  cell  suspensions  relatively 
purified  with  respect  to  both  cell  types  using  the  colloidal  iron  technique. 
Having  done  this,  a  micromethod,  based  on  the  fluorometric  determination  of 
TPN  which  appears  in  the  presence  of  reducible  steroids,  was  developed. 
Using  this  method,  very  small  samples  from  normal  and  regenerated  liver  were 
tested  for  their  abilities  to  reduce  steroid  substrates.   The  results  were 
expressed  as  ratios  of  the  activity  of  one  enzyme  to  the  others.   It  has  been 
found  that  there  are  considerable  fluctuations  in  these  ratios,  far  in  excess 
of  those  expected  from  deviations  in  the  experimental  method  which  are  con- 
fined, by  virtue  of  diligent  practice  (by  Dr.  Bakemeier)  to  under  10  per  cent. 
These  variations  in  ratios  were  particularly  evident  in  posthepatectomy  rats 
which  suggested  to  us  that  these  cells  might  be  clonally  derived.   The  latter 
conclusion,  however,  is  not  certain  and  all  that  one  can  definitely  say  from 
this  work  is  that  liver  cells  are  not  homogeneous  with  respect  to  the  steroid 
reductases, 

PROPOSED  COURSE  -  We  hope  to  investigate  other  enzymes  of  this  type  to 
see  whether  this  general  phenomenon  can  explain  the 
capacity  of  the  liver  to  metabolize  a  number  of  foreign  compounds  with 
relatively  specific  enzymes  which  are  not,  in  general  , inducible.   Our  findings 
also  may  imply  that  some  degree  of  somatic  mutation  is  involved  in  the 
generation  of  an  organ  with  diverse  functions,  such  as  the  liver. 

Project  4  -  Control  of  TPNH-Dependent  Reactions  by  TPN. 

OBJECTIVES  -  The  study  of  the  steroid  reductases,  as  indicated  above, 
has  shown  that  there  are  TPNH-dependent  irreversible 
reactions.   Curiously,  however,  they  function  far  better  in  the  presence  of  a 
TPNH-generating  system  than  when  TPNH  itself  is  supplied.   The  mechanism  for 
this  has  been  investigated. 

METHODS  AND  MAJOR  FINDINGS  -  It  has  been  found  that  these  enzymes  are 

inhibited  by  the  end  product,  TPN,  to  such 
an  extent  that  unless  TPN  is  removed  by  some  auxiliary  enzyme,  such  as  a 
TPNH  generating  system  or  Neurospora  DPNase,  which  attacks  oxidized,  but  not 
reduced,  TPN,  the  enzymes  will  not  catalyze  the  reactions  at  maximum  capacity. 
Several  other  TPNH-dependent  enzymes  were  investigated  and  found  to  have  the 
same  properties.   These  are  the  crotonyl  CoA  reductases  of  mammalian  liver, 
both  soluble  and  microsomal  forms,  the  TPNH  oxidase  of  liver  microsomes  and 
O-demethylase.   All  of  these  reactions  were  inhibited  approximately  50  per 
cent  by  concentrations  of  TPN  equal  to  the  concentrations  of  TPNH  used  as  the 
substrate.   Glutathione  reductase  which  is  not  quite  specific  for  TPN,  but 
can  use  DPN,  was  not  nearly  as  strongly  inhibited  by  TPN,  nor  was  the  TPN 
inhibition  competitive  with  TPNH  as  it  appeared  to  be  in  the  other  cases. 
Since  biosynthetic  pathways  depend  primarily  on  hydrogen  from  TPNH,  the 
inhibition  of  such  reactions  by  the  oxidized  end  product,  TPN,  may  play  an 
important  role  in  the  physiological  control  of  biosynthetic  processes.   An 
analysis  of  the  mechanism  of  action  of  adrenocorticotrophic  hormone,  ACTH, 
produced  by  the  mammalian  pipuitary,  strongly  suggests  that  some  mechanisa,^ 
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such  as  TPN  inhibition  must  play  a  major  controlling  role  in  the  biosynthesis 
of  the  adrenal  steroid  hormones. 

PROPOSED  COURSE  -  Other  examples  of  this  type  will  be  sought  and 
examined. 
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OBJECTIVES  -  Previous  investigations  carried  out  in  collaboration  with 
Dr.  Yale  Topper  indicated  that  both  rabbit  kidney  and 
rabbit  liver  contain  at  least  two  different  DPN-linked  aldehyde  dehydrogen- 
ases separable  by  ammonium  sulfate  precipitation.   The  activity  in  one 
ammonium  sulfate  fraction  was  inhibited  by  a  variety  of  steroid  hormones  and 
by  menthol,  whereas,  that  in  the  other  was  not  influenced.   A  possible 
relationship  between  the  steroid-sensitive  activity  and  galactose  oxidation 
in  certain  _in  vitro  systems  was  investigated  and  the  results  were  reported 
last  year.   The  present  investigations  of  the  steroid  specificity  and  the 
kinetics  of  the  reaction  were  undertaken  in  an  effort  to  elucidate  the 
mechanism  of  the  steroid  hormone-aldehyde  dehydrogenase  interaction  and  thus, 
possibly,  to  learn  something  about  how  steroids  might  act  in  more  physio- 
logical systems. 

In  collaboration  with  Dr.  Herbert  Weissbach,  the  effect  of  steroids  on 
the  metabolism  of  certain  physiologically  active  amines,  known  to  be  oxidized 
via  free  aldehydes  to  their  corresponding  acids  before  excretion,  was  studied. 

MAJOR  FINDINGS  -  The  steroid-sensitive  aldehyde  dehydrogenase  was  purified 
about  60-fold  from  the  soluble  fraction  of  rabbit  liver. 
The  purified  preparation  is  specific  for  DPN  but  oxidizes  a  number  of 
aldehydes  including  acetaldehyde,  propionaldehyde,  glycolaldehyde,  both  D  and 
L  glyceraldehyde,  indolacetaldehyde  and  vitamin  A  aldehyde.   The  stoichiometry 
of  the  reaction  was  studied  with  propionaldehyde  and  one  mole  of  aldehyde  is 
oxidized  to  free  propionic  acid  for  each  mole  of  DPN  reduced.   The  addition  of 
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coenzyme  A  has  no  effect  on  the  rate  of  the  reaction.   The  activity  with  the 
short  chain  aldehydes  is  inhibited  about  50%  by  10"^  M  in  progesterone  and 
deoxycorticosterone  and  from  20  to  30%  by  the  same  concentration  of  testoster- 
one, 4-androstene-3,17-dione  and  corticosterone.   The  inhibition  is  not  com- 
petitive with  either  DPN  or  aldehyde  nor  is  the  Kjn  for  either  substrate 
influenced  by  this  group  of  steroids.   As  the  steroid  concentration  is 
increased  inhibition  does  not  approach  100%,  indicating  either  that  the  hypo- 
thetical enzyme- steroid  complex  is  active,  but  with  a  lower  order  of  activity 
than  the  free  enzyme,  or  that  two  enzymes,  only  one  of  which  is  steroid- 
sensitive,  are  involved.   The  former  possibility  is  favored  by  the  failure  of 
the  maximum  obtainable  inhibition  to  increase  during  purification  of  the 
enzyme.   The  inhibitory  effect  of  this  group  of  steroids  is  independent  of 
enzyme  concentration,  DPN  concentration  and  aldehyde  concentration. 

Another  group  of  hormones,  including  diethylstilbestrol,  estrone,  17^- 
estradiol,  cortisone,  androsterone  and  dehydroepiandrosterone,  stimulates  the 
reaction  under  certain  conditions,  but  inhibits  under  others.   The  stimulatory 
effect  occurs  when  aldehyde  concentration  is  not  limiting  and  is  increased  by 
the  presence  of  versene  and  mercaptoethanol.   Under  optimal  conditions  a  2- 
to  3-fold  stimulation  is  brought  about  by  10"^  M  diethylstilbestrol.   The 
inhibitory  effect  of  this  group  of  hormones  is  apparent  at  limiting  aldehyde 
concentrations.   Diethylstilbestrol  (10~5  M)  increases  the  Km  for  glyceralde- 
hyde  about  10-fold,  whereas  it  has  little  or  no  effect  on  the  Km  for  DPN. 
The  stimulatory  effect  is  independent  of  DPN  concentration  and  enzyme  con- 
centration.  At  optimal  aldehyde  concentrations,  inhibition  rather  than 
stimulation  by  this  group  of  hormones  is  observed  when  acetyl  pyridine  DPN  is 
substituted  for  DPN  in  the  reaction  mixture  or  when  the  reaction  is  about  50% 
inhibited  by  p-hydroxymercuribenzoate.   Studies  with  combinations  of  pro- 
gesterone and  diethylstilbestrol  indicate  that  the  hormones  do  not  compete  with 
each  other.   The  effect  of  steroids  on  various  other  parameters  such  as  pH 
optimiom  and  temperature  dependence  was  studied.   The  pH  optimum  in  the  absence 
of  steroids  is  about  9.5.   The  stimulatory  hormones  shift  the  optimimum  to  a 
slightly  lower  value,  and  greater  relative  activity  in  the  presence  of  these 
compounds  occurs  below  the  pH  optimum  of  the  control.   The  inhibitory  steroids 
have  little  or  no  effect  on  the  pH  optimum  and  the  percent  inhibition  is  constan 
up  to  about  pH  10.   At  pH  10. 5, steroids  have  no  effect  on  the  rate  of  the 
reaction.   The  reaction  has  an  unusually  high  activation  energy  of  about 
22,000  cal/mole.   Diethylstilbestrol  lowers  the  value  to  about  20,000  cal/mole 
and  progesterone  raises  it  to  29,000  cal/mole. 

The  kinetic  experiments  do  not  provide  a  clear  understanding  of  the  enzyme-  i 
hormone  interaction,  although  a  few  clues  relative  to  the  stimulatory  mechanism 
appear.   The  facts  that  the  stimulatory  effect  is  greater  in  the  presence  of 
mercaptoethanol  and  that  p-hydroxymercuribenzoate  abolishes  the  effect, 
implicate  a  free  sulfhydryl  group  on  the  enzyme  in  the  mechanism.   The  increase 
in  the  Kj^  for  aldehyde  brought  about  by  the  stimulatory  hormones,  as  well  as 
the  requirement  for  optimal  aldehyde  concentration  for  stimulation,  indicate 
that  a  change  in  aldehyde  binding  is  somehow  involved  in  the  mechanism.   Nothing 
as  yet  can  be  said  about  the  mechanism  by  which  the  inhibitory  steroids  exert 
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their  influence.   Since  the  two  groups  of  hormones  are  not  competitive, 
they  probably  act  by  independent  mechanisms. 

In  collaboration  with  Dr.  Herbert  Weissbach,  indolacetaldehyde  was  found 
to  be  a  substrate  for  the  purified  steroid-sensitive  enzyme.   The  effects  of 
the  various  steroids  on  the  rate  of  oxidation  of  this  aldehyde  by  the  purified 
enzyme  are  qualitatively  similar,  but  quantitatively  less  marked  than  those 
observed  with  the  other  aldehydes  tested.   The  oxidation  of  both  seratonin  and 
tryptamine  to  their  corresponding  acids  in  rabbit  liver  homogenates  is 
inhibited  by  the  same  steroid  hormones  which  inhibit  the  purified  enzyme. 
Similarly,  the  oxidation  of  the  amines  in  a  coupled  system  containing  par- 
tially purified  monoamine  oxidase  and  aldehyde  dehydrogenase  is  inhibited  by 
the  same  steroids.   Both  in  the  homogenate  and  in  the  coupled  system,  the 
effect  of  steroids  is  abolished  by  mercaptoethanol .   As  yet  there  is  no  indi- 
cation that  steroid  hormones  play  a  physiological  role  in  the  metabolism  of 
amines.   Further  work  would  be  required  in  order  to  attach  much  significance 
to  the  observed  in  vitro  effect. 

PROPOSED  COURSE  -  The  steroid-sensitive  aldehyde  dehydrogenase  has  not  yet 
been  purified  sufficiently  to  permit  a  study  of  its 
physical  properties.   The  results  obtained  by  Dr.  Lemone  Yielding  and 
Dr.  Gordon  Tomkins  on  the  effect  of  steroids  on  crystalline  glutamic  dehydro- 
genase indicate  that  such  studies  might  yield  interesting  information.   Con- 
sequently, work  on  the  purification  of  the  enzyme  will  be  continued  and, 
subsequently,   the  effect  of  steroids  on  such  properties  as  molecular  weight 
and  binding  with  pyridine  nucleotides  and  aldehydes  will  be  studied. 

The  physiological  role  of  pyridine  nucleotide-linked  aldehyde  dehydrogenases: 
is  not  yet  fully  understood.   It  is,  therefore,  not  possible  to  evaluate  the     I 
significance  of  steroidal  control  of  the  reactions.   Free  aldehydes  are  formed 
at  several  points  in  intermediary  metabolism.   As  already  mentioned,  they  are 
intermediates  in  the  metabolism  of  the  physiologically  active  amines.   Vitamin  A 
aldehyde  is  an  intermediate  in  the  oxidation  of  vitamin  A  alcohol  to  its  acid. 
Dr.  David  Elder  and  Dr.  Yale  Topper  are  investigating  the  possible  role  of 
steroids  in  influencing  vitamin  A  metabolism.   Glyceraldehyde  is  an  intermediate 
in  fructose  metabolism  and  is  also  a  potential  intermediate  in  the  degradation 
of  triglycerides  and  phospholipids.   The  possibility  exists  that  steroids  exert 
an  influence  on  the  metabolism  of  these  compounds  by  controlling  the  rate  of 
aldehyde  oxidation.   As  systems  become  available  for  assessing  the  physiological 
significance  of  steroid  hormone  control  of  aldehyde  dehydrogenase  activity, 
they  will  be  investigated. 
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1.  The  role  of  the  inducer  in  penicillinase  induction. 

2.  The  incorporation  of  amino  acids  into  protein  by  a  completely 
soluble  enzyme  system. 
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Project  Description: 

OBJECTIVES  -  Project  1  -  To  develop  a  system  in  which  the  synthesis  of 

an  inducible  enzyme  in  cell-free  extracts  can 
be  studied. 

FINDINGS  -  Penicillinase  synthesis  by  strains  of  B.  cereus  was  selected 
for  the  following  reasons: 

(1)  The  enzyme  is  inducible  and  a  variety  of  mutant  strains  of  B.  cereus, 
inducible  and  constitutive,  have  been  developed  and  thoroughly  studied  by 
Dr.  M.  Pollock. 

(2)  The  enzyme  has  been  crystallized  and  is  well  characterized.   It  has  a 
molecular  weight  of  31,500. 
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(3)  Antisera  for  penicillinase  have  been  obtained  and  techniques  for  the 
recovery  of  penicillinase  using  antisera  have  been  developed. 

The  rational  for  this  study  has  been  to  incubate  cell-free  extracts  of 
B.  cereus  under  conditions  which  limit  the  synthesis  of  all  proteins  vith 
tV"-  exception  of  penicillinase.   Ribosomes  have  been  repared  from  B.  cereus 
569  and  have  been  incubated  with  protoplast  lysates  of  E^.  coli  (which  do 
not  contain  penicillinase  yet  have  protein  synthesizing  machinery)  in  the 
presence  of  four  nucleoside  triphosphates,  an  ATP-generating  system  and  all 
of  the  amino  acids  minus  cysteine. 

Highly  sensitive  colorimetric  methods  for  the  assay  of  penicillinase  have 
been  developed.   Also,  both  C-'-^  and  tritiated  penicilloic  acid  have  been 
obtained.   Using  these  assays  and  the  reaction  mixture  described  above,  a 
10-100%  increase  in  enzymatic  activity  has  been  obtained  which  is  dependent 
upon  the  addition  of  the  nucleotide  triphosphates  and  which  is  completely 
inhibited  by  chloramphenicol.   The  increase  in  enzymatic  activity  can  be 
obtained  using  ribosomes  prepared  from  uninduced  cells.   Experiments  are  now 
in  progress  to  isolate  penicillinase  with  the  aid  of  penicillinase  antisera 
from  the  reaction  mixture  to  which  radioactive  amino  acids  have  been  added. 

OBJECTIVES  -  Project  2  -  To  investigate  the  incorporation  of  amino  acids 

into  protein  in  a  completely  soluble  system. 

FINDINGS  -  An  enzymatic  system  has  been  obtained  from  an  E.  coli  sonicate 
which  is  not  sedimented  by  centrifuging  at  100,000  x  g.   The 
extract  can  incorporate  C-*-  -leucine  into  what  appears  to  be  protein.   The 
product  is  precipitable  by  TCA,  is  hot  TCA  stable,  is  not  lipid  soluble,  and 
is  stable  to  0.1  N  NaOH.   The  radioactivity  is  quantatively  released  in  TCA 
soluble  form  from  the  product  after  trypsin  digestion.   A  N-terminal  analysis 
of  the  product  with  the  aid  of  2-4-dinitroflurobenzene  has  shown  that  95%  of 
the  radioactivity  is  incorporated  as  leucine  into  N-terminal  positions. 

[  [ 
The  enzymatic  system  require  ATP,  Mg   and  is  completely  inhibited  by 
RNAase.  Leucine,  tryptophan,  phenylalanine,  isoleucine  and  methionine  can  be 
incorporated  by  the  enzyme  preparation.   The  enzyme  preparation  was  found  to 
catalyze  a  leucine-dependent  pyrophosphate  exchange.   The  exchange  was  not 
inhibited  by  RNAase.   The  leucine  activating  enzyme  was  purified  25-fold  and 
purified  preparations  of  E^.  coli  SRNA  were  prepared.   These  preparations  are 
being  used  to  determine  whether  SRNA  and  amino  acid  activating  enzjrmes  are 
involved  in  this  amino-acid  incorporating  system  and  whether  a  specific 
protein  can  be  made  by  this  soluble  system. 

OBJECTIVES  -  Project  3  -  To  obtain  a  cell-free  system  incorporating  amino 

acid  into  ribosomes  which  has  all  the  character- 
istics of  protein  synthesis.   Initially,  the  following  questions  will  be  asked; 
(1)  Are  amino  acid  activating  enzymes  necessary  for  protein  synthesis  in  this 
system?   (2)   Can  a  DNA-dependent  incorporation  of  amino  acids  into  protein  be 
obtained?   (3)   Is  amino  acid  incorporation  proceeding  sequentially  along  a 
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growing  peptide  chain  and,  if  so,  do  amino  acids  add  to  the  C-  or  N-terminal 
end  of  the  peptide  chain? 

FINDINGS  -  A  cell-free  system  has  been  obtained  from  both  E^.  coli  and 

B.  cereus  which  incorporate  amino  acids  into  protein.  Amino 
incorporation  into  protein  is  dependent  upon  the  presence  of  ribosomes, 
100,000  X  g  supernatant  fluid,  ATP,  and  an  ATP  generating  system.   Incorpor- 
ation is  markedly  inhibited  by  chloramphenicol,  RNAase  and  DNAase.   The 
specific  activity  of  the  system  is  10-20  times  that  of  the  best  mammalian 
microsomal  systems.   Inhibitors  of  amino  acid  activating  enzymes  are  being 
used  to  determine  whether  these  enzymes  are  on  the  pathway  of  protein  synthesis 
in  this  cell-free  system.   The  analogs  will  then  be  used  to  stop  the  growth  of 
the  peptide  chain  and  C-  and  N-terminal  amino  acid  analyses  of  the  product 
will  show  whether  amino  acids  are  laid  down  sequentially  from  either  C-  or 
N-terminal  ends.  Also  both  DNA  dependent  and  independent  protein  synthesis 
are  currently  being  studied. 
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Nirenberg,  M.  W.,  and  Jakoby,  W.  B.   Constraints  in  the  determination  of 
active-center  topography.   Nature  (In  press). 
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Project  Title: 

The  role  of  sugar  nucleotides  in  carbohydrate  metabolism. 

Principa.".  Investigator:   Victor  Ginsburg 

Other  Investigators:   None 

Cooperating  Units: 

Man  years: 

Total:  1 

Professional:  1 

Other:  0 

Project  Description: 

OBJECTIVES  -  To  elucidate  the  pathways  involved  in  the  biosynthesis 
of  sugars. 

METHODS  AND  MAJOR  FINDINGS  -  The  mechanism  of  the  conversion  of  GDP-D- 

mannose  to  GDP-L-fucose  has  been  studied 
using  standard  methods  of  biochemical  analysis.   These  studies  have  revealed 
a  probable  pathway  as  follows:   GDP-D-mannose  loses  a  molecule  of  water  and 
undergoes  a  rearrangement  to  form  GDP-4-keto-6-deoxy-D-mannose  (I).   (I)  is 
converted  by  a  double  enolization  to  GDP-4-keto-6-deoxy-L-galactose  (II). 
(II)  is  then  stereospecif ically  reduced  by  TPNH  to  form  GDP-L-fucose. 

The  first  member  of  a  new  class  of  sugar  nucleotides  has  been  isolated 
from  yeast.   It  is  GDP-D-glycero-D-mannoheptose  and  probably  plays  a  role  in 
the  biosynthesis  of  the  naturally  occurring  aldoheptoses. 

SUMMARY  AND  SIGNIFICANCE  TO  THE  INSTITUTE  -  These  studies  contribute  to  an 

understanding  of  the  role  of 
sugar  nucleotides  in  carbohydrate  metabolism. 
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Ginsburg,  V.   Formation  of  Guanosine  diphosphate _L-fucose  from  guanosine 
diphosphate _D-mannose.   J.  Biol.  Chem.,  235,  2196  (1960). 

Ginsburg,  V.   A  guanosine  diphosphate  aldoheptose  in  yeast.   Biochem.  and 
Biophys.  Res.  Comm.,  3,  187  (1960). 
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Project  Title:   Structural  study  of  nucleotides,  polynucleotides,  and 
nucleic  acids  by  means  of  infrared  spectra  in  D,0 
solution. 

Principal  Investigator:   H.  Todd  Miles 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years  (Calendar  year  1960) 
Total:        1 
Professional:  1 
Other:       0 

Project  Description 

OBJECTIVES  -  This  project  has  been  primarily  concerned  with  a  study  of 

the  infrared  spectra  of  the  nucleotide  components  of  nucleic 
acids  and  with  the  application  of  the  information  obtained  to  the  structures  of 
nucleic  acids. 

METHODS  EMPLOYED  -  The  infrared  spectra  of  polynucleotide  in  D^O  solution 
have  been  measured  as  before.   By  heating  the  cells 
it  has  been  possible  to  observe  the  thermal  dissociation  of  polynucleotide 
helices  in  the  infrared. 

A  number  of  compounds  have  been  synthesized  to  aid  in  interpretation  of 
the  polynucleotide  spectra. 

The  optical  rotation  of  poly  (I  +  C)  was  measured  as  a  function  of 
temperature  and  of  wave  length. 

MAJOR  FINDINGS  -  The  comparative  thermal  dissociations  of  the  poly 
(A  +  U)  and  poly  (I  +  C)  helices  have  been  determined  in  H^O  and  D_0.   The 
values  of  Tm  wgre  found  to  be  the  same  in  both  solvents  (for  a  given  helix), 
in  contrast  to  the  results  obtained  by  other  workers  with  some  proteins  and 
polypeptides.  An  explanation  of  this  difference  has  been  proposed.   This 
result  supports  the  applicability  of  chemical  properties  measured  in  1>J0   to 
the  biologically  important  solvent,  water. 

Part  B  included  -  Yes 
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It  has  been  found  that  the  formation  of  a  three-stranded  helix  of  poly 
(A  +  2U)  results  in  disappearance  of  the  strong  adenine  band  at  1630  cm"^; 
the  same  spectral  pattern  is  observed  when  poly  A  is  replaced  with  tetra  A. 
When  tetra  A  +  poly  U  is  observed  at  60°,  however,  the  adenine  peak  is  clearly 
evident.   As  the  solution  slowly  cools  and  the  helix  reforms,  the  original 
spectrum  returns.   The  use  of  heated  infrared  cells  provides  a  highly  useful 
method  for  studying  polynucleotide  interactions  since  the  bands  caused  by  the 
different  bases  are  resolved  in  the  infrared  (unlike  the  ultraviolet)  and 
since  infrared  spectra  in  general  provide  much  more  structural  information 
than  the  ultraviolet. 

It  has  been  found  that  polycytidylic  acid  has  the  amino  rather  than  the 
imino  form  both  as  a  free  polymer  and  when  forming  a  two-stranded  helix  with 
polyinosinic  acid. 

Further  model  compounds  for  the  infrared  studies  have  been  synthesized. 

Poly  (I  +  C)  was  found  to  have  the  same  specific  rotation  as  that 
reported  by  other  workers  for  poly  (A  +  U) ,  and  to  show  a  shart  transition 
with  increasing  temperature,  suggesting  that  it  has  a  two  stranded  helical 
structure  in  solution  similar  to  poly  (A  +  U)  and  to  DNA. 

Two  compounds  which  may  show  a  specific  reactivity  for  certain  adjacent 
base  pairs  in  DNA  have  been  synthesized  for  testing  of  mutagenic  activity 
by  Dr.  Ernst  Freese. 

Several  attempts  to  prepare  pseudouridine  by  condensing  tribenzoylribosyl 
bromide  with  5-(2,4-diethoxy)  pyrimidyl lithium  were  unusccessful.   Infrared 
spectra  indicate  that  bromouridine  exists  in  the  keto  form  rather  than  the 
enol  form  in  D~0  solution. 

Preliminary  experiments  with  Dr.  Henry  Fales  of  NHI  indicate  that  some 
nucleoside  derivatives  can  be  pssed  over  gas  chromatography  columns  with 
retention  times  of  less  than  an  hour. 

SIGNIFICANCE  TO  BIOMEDICAL  RESEARCH  -  The  question  of  tautomeric  forms 

of  the  nucleotides  is  fundamental 
to  the  structures  of  the  nucleic  acids  since  the  hydrogen  bonding  schemes  that 
hold  the  nucleic  acid  helices  together  are  determined  by  this  structural 
feature  of  the  component  nucleotides.   In  addition  to  its  structural  importance 
in  the  nucleic  acids  tautomeric  form  may  prove  to  have  a  biological  functional 
importance  as  well  in  providing  at  the  chemical  level  a  mechanism  for  mutation. 
The  proposal  that  infrequent  tautomeric  changes  result  in  mutations  was  made 
originally  by  Watson  and  Crick  in  1953.   Some  of  the  consequences  of  this 
hypothesis  are  presently  being  investigated  by  geneticists.   Since  the  bonding 
scheme  very  recently  suggested  by  Pauling  in  an  alternative  structure  to  the 
Watson  and  Crick  DNA  model  requires  that  cytidine  be  present  in  the  imino 
tautomeric  form,  the  demonstration  that  it  is  definitely  in  the  amino  form  in 
poly  (I  +  C)  constitutes  very  strong  evidence  that  the  alternative  structure 
is  incorrect. 
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Miles,  H.  T.   "A  Comparison  of  the  Thermal  Dissociation  of  Two  Polynucleotide 
Helices  in  H-O  and  D_0".    Biochim.  et  Biophys.  Acta,  42,  353  (1960). 

Miles,  H.  T.   "Infrared  Spectra  of  the  Three  Stranded  Helices  Formed  by 
Polyuridylic  Acid  with  Polyadenylic  Acid  and  with  Tetraadenylic  Acid". 
Biochim.  et  Biophys.  Acta  (In  press). 
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Project  Title:  Metabolic  Fate  of  Intracellularly  Generated  Reduced 
Di-  and  Tri-phosphopyridine  Nucleotides  (Continuing) 

Principal  Investigators:  Dr.  Ben  Bloom  and  Dr.  Daniel  W.  Foster 

Other  Investigator:  Dr.  Barbara  Wright 

Cooperating  Units:  Section  on  Enzymes,  NHI 

Man  Years  (calendar  year  1960); 
Total:  2-2/3 
Professional:  2 
Other:  2/3 

Project  Description: 

Objectives  -  To  gain  information  concerning  the  metabolic  fate  of 
"various"  reduced  diphosphopyridine  nucleotides  (DPNH),  and  "various"  reduced 
triphosphopyridine  nucleotides  (TPNH)  generated  intracellularly. 

Methods  Employed  -  l)  Those  generally  used  for  the  specific  tritium 
labeling  of  substrates  or  when  needed,  the  development  of  same.  2)  Standard 
techniques  as  in  current  use  for  in  vitro  studies  involving  tissue  slices. 
3)  Analysis  of  various  metabolic  products  isolated  from  the  in  vitro  incuba- 
tions for  tritium  content.   4)  Technique  for  simultaneous  assay  of  H'^  and  C^*^. 

Major  Findings  -  The  synthesis  of  cholesterol  (digitonin-precipitable 
steroids)  from  acetate-2-H^,Cl^  by  rat  liver  slices  results  in  a  product  with 
an  isotopic  ratio  of  H^/c^'*  of  0.4.  This  is  in  strikingly  good  agreement 
with  that  derivable  from  theoretical  considerations,  namely  0.44  +  0.04. 
Similar  experiments  utilizing  acetate-2-H"^,C^  incorporation  into  fatty  acids 
revealed  an  isotope  ratio  of  0.24,  to  be  contrasted  with  a  theoretical  value 
for  stearic  acid  synthesis  of  0.11.  'Which  of  the  considerations  utilized  in 
calculating  the  theoretical  value  for  stearic  acid  is  in  need  of  modification 
has  not  been  determined. 

The  metabolism  of  JPtiH   and  DPNH  generated  intracellularly  has  also 
been  studied.  This  was  accomplished  with  the  use  of  glucose-l-Cl'^,H-^  and 
glycerol-2-H3  as  substrates  with  rat  liver  slices.  It  has  been  shown  that 
these  two  reduced  pyridine  nucleotides  are  not  equivalent  in  the  cell.  TPNH 
is  utilized  in  fatty  acid  and  cholesterol  synthesis  to  an  extent  ten  to  twenty 
times  greater  than  DWH. 
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3  /  14 
Utilizing  the  H  /C   ratios  in  fatty  acids  and  cholesterol  from 

glucose-6-C^'^,H^  and  acetate-2-cl'^,H3  an  estimate  has  been  made  of  labilization 
of  hydrogen  in  the  Embden-Meyerhof  pathway.  The  results  indicate  that  2/3  of 
the  hydrogens  bound  to  C-6  of  a  molecule  of  glucose  are  exchanged  during  con- 
version to  acetyl  coenzyme  A.   Presumably  this  occurs  at  the  phosphoenolpyru- 
vate-pyruvate  reaction. 

Significance  to  NIAMD  Research  -  The  concept  applied  in  obtaining  the 
findings  recorded  above  can  easily  be  used  as  a  generalized  technique  for 
study  of  alterations  in  the  DPN-DPNH/TPN-TPNH  equilibrium  state  in  both  normal 
and  pathological  cellular  systems.  Thus  an  increase  has  been  effected  in  the 
techniques  available  for  the  furtherance  of  our  appreciation  of  those  disease 
states  which  comprise  the  category  of  metabolic  disorders. 

Proposed  Course  of  Project  -  Application  of  the  above  described  concepts 
and  techniques  to  those  cellular  systems  characterizing  diseased  states. 
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Publications  other  than  abstracts  from  this  project: 

Bloom,  B.  The  hazard  of  orally  pipetting  tritium  oxide. 
J.  Lab.  Clin.  Med.  55,  164  (i960). 

Bloom,  B.   An  evaluation  of  hormonal  augmented  transhydrogenase 
activity  in  rat  liver  cells,   J.  Biol.  Chem.   235,  857-858  (i960). 

Wright,,  B.  and  Bloom,  B.   I_Q.  vivo  evidence  for  metabolic  shifts  in 
the  differentiating  slime  mold.   Biochim.  Biophys.  Acta  (in  press). 


Honors  and  Awards  relating  to  this  project:  None 
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Project  Title:  Cerebral  Metabolism  in  Uremia 

Principal  Investigator:  Dr.  Nancy  B.  Cummings 

Other  Investigator:  Dr.  DeWitt  Stetten,  Jr. 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960): 
Total:   1-2/3 
Professional:  l-l/3 
Other:   l/3 

Project  Description: 

Objectives  -  To  ascertain  the  chemical  basis  for  the  changes  in  cerebral 
function  in  uremia.  To  determine  the  chemical  nature  of  the  humoral  agents 
which  accumulate  during  uremia  and  which  influence  cerebral  function. 

Methods  Employed  -  Serum  is  obtained  from  patients  in  hospitals  of  the 
neighborhood.  Patients  with  normal  kidney  function  and  patients  in  varying 
degrees  of  uremia  are  employed  for  this  purpose.  Each  pooled  serum  sample 
is  studied  analytically  and  necessary  adjustments  of  chemical  compositions 
with  respect  to  major  metabolites  are  made.   Rats  are  rendered  uremic  by 
surgical  means  which  are  designed  to  eliminate  alterations  due  to  recent  sur- 
gical manipulation  at  the  time  of  study.  Brain  suspensions  are  prepared  from 
rat  brain  by  passing  of  tissue  through  sieves  of  appropriate  sizes.  Measure- 
ments are  made  of  brain  suspensions  in  a  variety  of  human  sera.  These 
measurements  include  classical  Warburg  respirometry,  as  well  as  production 
of  01*^02  from  various  C^'^-labeled  substrates. 

Major  Findings  -  Normal  rat  brain  cells,  when  suspended  in  serum  from 
uremic  patients,  generate  significantly  greater  yields  of  Cl^02  from  glucose- 
Cl^  than  do  the  same  cells  suspended  in  normal  serum.  This  finding  provides 
an  assay  for  an  agent  in  human  uremic  serum  which  alters  the  metabolism  of 
nervous  tissue.  Attempts  to  concentrate  and  ultimately  to  identify  the  agent 
or  agents  responsible  are  being  pursued  along  conventional  lines  of  chemical 
separation,  ultrafiltration,  chromatography,  etc. 

Significance  to  NIAMD  Research  -  The  ultimate  identification  of  the 
neurotoxic  agent  in  uremia  is  regarded  as  an  important  objective.  It  is 
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expected  that  if  this  identification  can  be  achieved,  a  rational  therapy 
for  uremia  may  result. 

Proposed  Course  of  Project  -  Employing  the  assay  method  described 
above,  various  fractions  of  uremic  serum,  of  normal  urine  and  of  dialysate 
secured  from  artificial  kidney  therapy,  will  be  studied  with  the  ultimate 
intention  of  identifying  the  active  principle. 
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Project  Title:  Transglycosylation  Studies  with  0  -labeled  Substrates 

Principal  Investigator:  Dr.  Frank  Eisenberg,  Jr. 

Other  Investigator:  Dr.  Shlomo  Hestrin 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960): 
Total:   1-2/3 
Professional:   1 
Other:  2/3 

Project  Description: 

Objectives  -  To  elucidate  the  nature  of  sugar  groups  transferred  by 
some  transferases. 

Methods  Employed  -  Dextran-  and  levansucrase  were  chosen  as  typical 
transferases  for  this  study.  Sucrose  is  the  substrate  for  both  enzymes  in 
the  irreversible  polymerizations  leading  respectively  to  dextran  and  levan. 
To  ascertain  which  bond  is  cleaved,  and  thereby  the  nature  of  the  group 
transferred  during  polymerization,  it  is  necessary  that  the  bridge  0  atom  of 
substrate  sucrose  be  labeled  with  0^^.  There  are,  however,  no  known  methods 
for  specific  introduction  of  the  label,  so  an  indirect  approach  to  the  problem 
was  made  by  studying  a  reversible  reaction  mediated  by  levansucrase  in  which 
fructose  is  transferred  from  raffinose  to  glucose: 

Glucose  +  gal-O-glu-O-fru  '^ *  gal-O-glu  +  glu-O-fru 

(Raffinose)  (Melibiose)    (Sucrose) 

Glucose-1-O   ,  prepared  by  exchange  of  glucose  with  H2O   ,  and  raffinose  were 
incubated  with  levansucrase,  partially  purified  from  Aerobacter  levanicum. 
Sucrose  was  isolated  from  the  reaction  mixture  by  paper  chromatography,  puri- 
fied as  the  octaacetate,  regenerated  from  the  ester,  and  assayed  for  0^°  in 
the  mass  spectrometer.  Since  this  reaction  proceeded  in  such  a  way  as  to 
produce  specifically  labeled  sucrose-O^^,  the  dextransucrase  reaction  could 
now  be  studied  directly: 

h  glu-O-fru  >         (glu)p,  +  ri  fru 

(Sucrose)  (Dextran) 
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18 
Sucrose-O   was  incubated  with  dextransucrase  from  Leuconostoc  mesenteroides 

and  dextran  was  isolated  and  purified  by  repeated  alcoholic  precipitation  and 

assayed  for  0^^  in  the  mass  spectrometer. 

Major  Findings  -  Sucrose  produced  in  the  levansucrase  reaction  was  labeled 
with  Oi^  showing  that  fructose  is  transferred  as  fructosyl,  as  follows: 


glu-1-0^^  +  gal-O-glu-0, 


c            levansucrase^    ■,  o  •,   _■_  ,  r.1^'  r 
fru  -";: ^  gal-0-glu  +  glu-0  ;-fru 


18 
Dextran  produced  in  the  dextransucrase  reaction  was  devoid  of  0   showing 

that  glucose  is  transferred  as  glucosyl,  as  follows: 

,  '  -18  ^     dextransucrase^  /  i  \    .    i- 
n  gluj-Q  -fru  -^ >  Vglu;^  +  n  fru 

These  results  support  the  prediction  of  Koshland  to  the  effect  that  the  trans- 
fer of  an  enzyme-specific  moiety  occurs  at  the  bond  between  the  anomeric  C  atom 
of  that  moiety  and  the  bridge  0  atom.   V/hereas  Koshland  studied  only  hydrolytic 
enzymes,  in  which  water  is  the  acceptor  of  the  group  transferred,  the  present 
studies  are  the  first  to  be  done  on  transfers  from  carbohydrate  donors  to 
carbohydrate  acceptors.   It  is  concluded  that  a  glycosyl-enzyme  complex  is  the 
intermediate  structure  in  these  transfers: 


1  I  .n  J.  r-     transferase^   , 
gli'^R  +  Enz  '^ — =^  gl 


r-»  Enz  +  R 


Significance  to  NIMD  Research  -  Biochemical  reactions  are  characterized 
by  the  presence  of  enzymes -which  enter  into  chemical  combination  with  their 
substrates.  The  well-being  of  a  living  organism  reflects  the  proper  function 
of  all  of  its  component  parts  and  many  disease  states  can  be  traced  to  the 
malfunction  of  enzymes  in  living  tissues.  The  elucidation  of  the  chemical 
behavior  of  enzymes  in  their  important  role  as  catalysts  of  biochemical  re- 
actions is  essential  to  an  understanding  of  the  entire  chemical  makeup  of 
the  normal  organism  and  therefore  to  an  understanding  of  the  nature  of  the 
defect  in  the  diseased  organism. 

Proposed  Course  of  Project  -  This  project  is  complete.  The  study  of 
inositol  biosynthesis  pursued  concurrently  with  this  project  and  temporarily 
suspended  will  be  resumed  in  the  latter  part  of  1961. 
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2.  Intermediary  Metabolism 

3.  Bethesda,  Md. 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:  The  Biosynthesis  of  Thiamine. 

Principal  Investigator:  Dr.  Irwin  G.  Leder 

Other  Investigators:  none 

Cooperating  Units:  none 

Man  Years  (calendar  year  1960): 
Total:  2-1/3 
Professional :   1 
Other:  1-1/3 

Project  Description: 

Objectives  -  To  study  the  biosynthesis  of  thiamine. 

Methods  Employed  -  The  enzymes  which  catalyze  sequential  steps  in  the 
synthesis  of  thiamine  are  isolated  from  extracts  of  bakers'  yeast  and  purified 
by  a  variety  of  procedures  including  fractional  precipitation,  column  adsorp- 
tion and  electrophoresis.   Intermediates  formed  by  individual  enzymes  are 
identified  by  spectrophotometric  and  chromatographic  techniques  and,  if 
possible,  synthesized. 

Major  Findings  -  The  enzyme  which  catalyzes  the  condensation  of  the  two 
ring  moieties  of  thiamine  phosphate  has  been  purified  approximately  1000-fold. 
Studies  of  the  reaction  stoichiometry  and  reversibility  indicate  that  the 
reaction  has  an  equilibrium  constant  of  approximately  10  and  proceeds  accord- 
ing to  the  following  equation:  ++ 

Mg 

"Pyrimidine"-PP  +  "Thiazole"-P  ,^      ^  Thiamine-P  +  PP 

The  enzyme  is  inhibited  by  pyrophosphate;  kinetic  studies  with  each  substrate 
and  with  magnesium  indicate  that  this  inhibition  is  non-competitive.  Proce- 
dures have  been  devised  for  the  synthesis  of  the  hydroxymethyl  pyrimidine  and 
for  the  corresponding  mono-  and  pyrophosphate  derivatives. 

Significance  to  NIAI/iD  Research  -  Compounds  containing  sulfur  in  cyclic 
linkage  are  represented  by  such  diverse  compounds  as  penicillin,  biotin  and 
thiamine.  Very  little  is  known  of  the  reactions  leading  to  the  biosynthesis 
or  degradation  of  these  compounds.  It  is  hoped  that  this  study  will  contri- 
bute to  our  understanding  of  the  metabolism  of  compounds  of  nutritional  and 
medical  importance  in  man  and  in  microorganisms. 
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Proposed  Course  of  Project  -  A  number  of  thiamine  mutants  of  Salmonella 
have  been  obtained.  Those  which  are  blocKed  in  the  synthesis  of  the  thiazole 
ring  will  be  tested  for  the  formation  of  biologically  active  intermediates. 
Wild  and  mutant  strains  will  also  be  studied  with  S^^   sulfate  and  with  S^S 
and  C^'*  labeled  amino  acid  precursors. 


Part  B  included:  No 
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1.  Biochemistry  6.  Metabolism 

2.  Intermediary  Metabolism 

3.  Bethesda,  Md. 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A. 

Project  Title:  Bifidus  Factors  from  Human  Milk 

Principal  Investigator:  Dr.  Paul  J.  O'Brien 

Other  Investigators:  none 

Cooperating  Units:  Georgetown  University  Hospital 

Man  Years  (calendar  year  1960): 
Total:  1/3 
Professional:   l/3 
Other:  none 

Project  Description: 

Objectives  -  To  determine  the  composition  and  structure  of  a  number  of 
oligosaccharides  found  in  human  milk  which -serve  as  growth  factors  for 
Lactobacillus  bifidus  var.  pennsvlvanicus.  To  determine  the  metabolic  fate 
in  the  microorganism  of  all  the  known  bifidus  factors,  some  of  which  have 
been  found  to  enter  the  biosynthetic  pathway  leading  to  cell  wall  synthesis. 

Methods  Employed  -  Human  milk  will  be  fractionated  by  dialysis  and 
chromatography  on  columns  of  activated  charcoal.  The  separated  oligosaccha- 
rides will  be  characterized  by  chemical  means  and  their  metabolic  fate 
examined  in  cell-free  enzyme  systems  derived  from  the  above-named  microorganism, 

Major  Findings  -  Since  the  project  has  just  been  initiated,  no  experimen- 
tal data  have  as  yet  been  obtained. 

Significance  to  NIAMiD  Research  -  All  the  bifidus  factors  studied  to 
date  have  been  found  to  enter  the  pathway  of  biosynthesis  of  N-acetyl  muramic 
acid,  a  unique  component  of  bacterial  cell  walls.  The  incorporation  of  this 
component  is  selectively  blocked  by  penicillin.  Withholding  of  these  factors 
from  the  growth  medium  of  this  organism  also  prevents  normal  cell  wall  syn- 
thesis. This  system  lends  itself  to  the  study  of  the  selective  action  of 
penicillin,  as  well  as  to  the  elaboration  of  ill-defined  steps  in  the 
biosynthesis  of  N-acetyl  muramic  acid. 
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Proposed  Course  of  Project  -  The  individual  growth  factors  will  be 
incubated  with  a  cell-free  enzyme  system  derived  from  Lactobacillus  bif idus 
and  the  release  of  N-acetyl  hexosamine  followed  chromatographically. 
Similarly,  the  subsequent  phosphorylation  of  the  hexosamine  and  condensation 
with  nucleoside  triphosphates  will  be  studied  in  a  stepwise  series  of  incuba- 
tions. Each  intermediate  will  also  be  identified  by  chemical  means. 

The  final  conversion  of  nucleoside  diphosphate  N-acetyl  hexosamine  to 
N-acetyl  muramic  acid  will  be  studied  spectrophotometrically  and 
electrophoretically. 


Part  B  included:  No 
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1.  Biochemistry  &  Metabolism 

2.  Intermediary  Metabolism 

3.  Bethesda,  Md. 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:  Physiological  Effects  of  D-Mannoheptulose 

Principal  Investigator:   Dr.  Ernst  Simon 

Other  Investigators:  Dr.  Robert  Scow  and  Dr.  Sidney  Chernick 

Cooperating  Units:  Clinical  Endocrinology  Branch,  LNE 

Man  Years  (calendar  year  1960): 
Total:  2 

Professional:  1-2/3 
Other:  l/3 

Project  Description: 

Objectives  -  It  has  been  observed  that  injection  of  D-mannoheptulose 
into  fasted  rats  causes  temporary  diabetes.  The  objective  of  this  investiga- 
tion is  to  establish  the  mechanism  by  which  this  effect  is  elicited. 

Methods  Employed  -  Determinations  of  glucose  uptake  by  isolated  tissues, 
rate  of  degradation  of  isotopically  labeled  insulin  by  perfused  tissues,  and 
of  blood  glucose  and  ketone-body  levels  in  intact  and  pancreatectomized  rats 
have  been  utilized  in  this  study. 

Major  Findings  -  In  attempts  to  delineate  the  site  of  the  diabetogenic 
action  of  mannoheptulose  (MH)  the  following  observations  have  been  made. 
This  seven-carbon  sugar  does  not  affect  the  insulin  effect  on  glucose  uptake 
by  isolated  rat  diaphragm;  thus  the  peripheral  action  of  insulin  is  unaltered 
by  MH.  The  pattern  and  rate  of  I^^l-insulin  degradation  by  perfused  rat  liver 
is  unchanged  by  MH,  indicating  that  the  hormone  is  not  more  quickly  destroyed 
in  the  presence  of  this  sugar.  A  rise  in  blood  ketone  bodies  is  caused  by 
MH  even  when  glucose  is  simultaneously  injected.  Sedoheptulose,  an  isomer 
of  mannoheptulose,  does  not  elicit  these  effects.  It  has  been  tentatively 
concluded  that  the  site  of  diabetogenic  action  of  MH  is  the  pancreas.  A 
gluconeogenic  effect  of  MH  appears  to  be  mediated  through  the  adrenals. 

Significance  to  NIAf^D  Research  -  At  the  present  stage,  the  study  reveals 
that  the  seven-carbon  sugar,  mannoheptulose,  causes  two  phenomena:  it 
apparently  blocks  the  release  of  insulin  from  the  pancreas  and  it  induces 
gluconeogenesis.  Previous  observations  showed  that  gluconeogenesis  can  be 
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abolished  in  the  absence  of  adrenal  hormones,  whereas  the  diabetogenic 
function  remains.  Any  additional  knowledge  as  to  how  this  impairment  of 
glucose  utilization  is  effected  may  be  expected  to  contribute  to  a  better 
understanding  of  the  nature  of  diabetes. 

Proposed  Course  of  Project  -  The  precise  nature  of  the  manner  in  which 
mannoheptulose  effects  insulin  output  by  the  pancreas  will  be  investigated. 


Part  B  included:  No 
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1.  Biochemistry  &  Metabolism 

2.  Intermediary  Metabolism 

3.  Bethesda,  Md. 

PHS-NIH  ■ 
Individual  Project  Report 
Calendar  Year  1960 

Part  A. 

Project  Title:  Studies  on  Oligosaccharides  and  Polysaccharides 

Principal  Investigator:  Dr.  Marjorie  R.  Stetten 

Other  Investigator:  Dr.  DeWitt  Stetten,  Jr. 

Cooperating  Units:  none 

Man  Years  (calendar  year  1960): 
Total:   2-1/3 
Professional:   l-l/3 
Other:  1 

Project  Description: 

Objectives  -  To  gain  insight  into  the  normal  structure,  synthesis  and 
metabolism  of  certain  polysaccharides  and  oligosaccharides. 

Methods  Employed  -  Glycogen  is  isolated  from  animals  by  acidic  and  by 
alkaline  methods,  purified  and  used  in  studies  of  the  nature  of  the  changes 
which  occur  on  treatment  with  alkali  under  various  conditions.   Light  scatter- 
ing methods  are  used  in  following  the  decline  in  molecular  weight  and  chemical 
and  chromatographic  methods  are  used  for  identif ication  of  the  products 
produced.  Usual  methods  for  the  isolation,  purification,  characterization 
and  kinetic  analysis  of  enzymes  are  used.   Isotopically  labeled  substances 
are  synthesized,  isolated  and  assayed  when  needed. 

Major  Findings  -  Glycogen  isolated  from  animal  tissue  following  extraction 
with  cold  acid  has  been  found  to  be  of  appreciably  larger  average  molecular 
size  than  that  isolated  by  extraction  with  hot  concentrated  alkali.  Isolation 
and  identification  of  the  products  has  revealed  that,  anaerobically,  the  chief 
action  of  hot  concentrated  alkali  upon  glycogen  consists  of  a  series  of 
degradative  steps  starting  at  the  free  reducing  end  of  the  polysaccharide 
molecule  and  proceeding  along  the  one  short  straight  chain  of  al,4-linked 
glucosyl  residues.  The  products  formed  are  chiefly  free  isosaccharinic  acid 
and  a  polydisperse  series  of  polysaccharide  acids.  Quantitative  measurements 
of  the  isosaccharinic  acid  split  off  by  alkali  from  glycogen  samples  of  known 
average  molecular  size,  were  found  to  be  in  fairly  good  agreement  with  the 
amounts  expected  from  calculations  based  upon  idealized  molecules  of  similar 
size  having  the  highly  branched  tree-like  structure  which  has  been  predicted 
from  enzymological  studies.  Borohydride  reduction  of  the  terminal  aldehyde 
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group  has  also  been  found  to  render  the  glycogen  molecule  stable  to  alkali 
degradation.  The  apparent  stability  of  "glycogen"  to  concentrated  alkali 
is  due  to  the  elimination  of  the  reducing  end  of  each  molecule  and  its  re- 
placement by  a  saccharinic  acid  residue. 

Significance  to  NIAJi^D  Research  -  Alterations  and  defects  in  the  way 
the  body  metabolizes  various  carbohydrates  have  been  found  to  be  characteris- 
tic of  certain  nutritional  states,  drug  actions  and  metabolic  diseases. 
Any  additional  knowledge  as  to  how  carbohydrates  are  normally  handled  may 
be  expected  to  contribute  to  a  better  understanding  of  the  nature  of  these 
conditions  and  diseases. 

Proposed  Course  of  Project  -  Characterization  of  products  of  the  action 
of  alkali  on  glycogen  will  be  pursued  further. 

Preliminary  studies  on  the  influence  of  pyrophosphatase  activity  upon 
the  direction  of  metabolic  processes  will  be  extended. 


Part  B  included:  Yes 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  B.  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Stetten,  D.,  Jr.  and  Stetten,  M.  R.  Glycogen  metabolism. 
Physiological  Reviews  40,  505-537  (i960). 


Honors  and  Awards  relating  to  this  projects  None 
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1.  Biochemistry  8.   Metabolism 

2.  Intermediary  Metabolism 

3.  Bethesda,  Md. 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:  Studies  on  the  Degradation  of  Insulin  and  Insulin 
Derivatives  by  Mammalian  Tissues 

Principal  Investigators:  Dr.  Frank  Tietze  and  Dr.  Glenn  E.  Mortimore 

Other  Investigators:  Dr.  DeWitt  Stetten,  Jr.  and  Mr.  Howard  M.  Katzen 

Cooperating  Units:  Clinical  Endocrinology  Branch,  NIAMD 

Man  Years  (calendar  year  1960): 
Total:  3 

Professional:  2-l/3 
Other:  2/3 

Project  Description: 

Objectives  -  Previous  studies  in  this  project  have  suggested  that  the 
first  step  in  the  ultimate  degradation  of  insulin-I^^l  by  intact  rat  liver 
consists  in  the  binding  of  the  hormone  to  specific  sites  on  or  within  the 
membrane  of  the  cells  involved  in  the  degradative  process.  In  order  to  define 
more  precisely  the  locus  of  binding,  attention  has  been  turned  to  the  prepara- 
tion of  biologically  active  fluorescent  derivatives  of  insulin,  with  the  hope 
that  such  interactions  may  be  demonstrated  visually  by  fluorescence  microscopy. 

Studies  have  also  been  initiated  on  the  nature  and  specificity  of  the 
enzyme  system,  termed  "insulinase",  whose  presence  in  the  mammalian  liver  is 
responsible  for  the  rapid  proteolytic  degradation  of  insulin  by  that  organ. 

Methods  Employed  -  Treatment  of  crystalline  insulin  with  fluorescein 
isothiocyanate  under  defined  conditions  results  in  coupling  of  the  protein 
with  the  fluorescent  radical.  The  degree  of  such  coupling  has  been  determined 
by  quantitative  chemical  and  electrophoretic  methods,  while  the  biological 
activity  of  the  fluorescent  derivative  has  been  determined  by  rabbit  bioassay. 

An  insulinase  preparation  of  beef  liver  has  been  highly  purified 
according  to  published  methods  involving  salt  fractionation,  column  chroma- 
tography, and  starch  block  electrophoresis. 

Major  Findings  -  Chemical  and  electrophoretic  data  obtained  with  a 
fluorescent  derivative  of  insulin  prepared  as  described  above  indicate  that 
the  product  contains  1.25  fluorescein  radicals  per  molecule  of  protein. 
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Results  of  rabbit  bioassays  indicate  that  the  derivative  possesses  l/2  to 
2/3  of  the  activity  of  the  native  hormone.  Preliminary  experiments  involving 
the  use  of  fluorescence  microscopy  have  demonstrated  that  the  derivative  is 
strongly  bound  by  leucocytes  but  not  be  erythrocytes. 

131 
Following  treatment  of  insulin-I    with  highly  purified  liver 

"insulinase"  approximately  lb%   of  the  total  radioactivity  of  the  substrate 

becomes  soluble  in  trichloroacetic  acid  in  contrast  to  nearly  100%  with  crude 

liver  homogenate.  This  result  may  indicate  that  the  purified  preparation 

obtained  as  above  represents  only  one  component  of  a  complex  that  constitutes, 

in  its  entirety,  the  enzyme  system  known  as  "insulinase". 

Significance  to  NIAMD  Research  -  The  rapidity  and  extent  to  which  insulin 
is  removed  from  the  circulating  medium  by  mammalian  liver  would  seem  to  impli- 
cate this  organ  in  the  regulation  of  hormonal  blood  level.  It  is  hoped  that 
the  present  studies  will  serve  to  shed  some  light  on  the  interaction  of  protein 
hormones  in  general  with  their  various  target  organs. 

The  studies  concerned  with  the  "insulinase"  system  of  rat  liver  will  be 
of  significance  in  helping  to  demonstrate  whether  or  not  this  enzyme  plays 
a  specific  role  in  the  degradation  of  insulin  as  distinct  from  a  general 
cathepsin-like  activity  toward  many  protein  substrates. 

Proposed  Course  of  Project  -  It  is  proposed  to  study,  with  the  aid  of 
fluorescence  microscopy,  the  interaction  of  the  fluorescein  derivative  of 
insulin  with  cells  of  mammalian  (rat)  liver.  This  will  be  accomplished  by 
means  of  perfusion  experiments  under  conditions  which  preclude  degradation 
of  the  labeled  hormone. 

The  specificity  of  purified  "insulinase"  with  respect  to  its  proteolytic 
activity  will  be  characterized  in  terms  of  the  cleavage  products  obtained  upon 
treatment  of  the  individual  chains  of  insulin,  the  complete  structure  of  which 
is  known,  with  the  enzyme. 


Part  B  included:  Yes 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  B.  Honors,  Awards,  and  P\iblications 
Publications  other  than  abstracts  from  this  project: 


Tietze,  F.  Enzytnic  release  of  amino  acids  from  the  carboxyl  terminus 
of  native  and  modified  egg-white  lysozyme.  Arch.  Biochem.  Biophys. 
87,  73-80  (1960). 


Honors  and  Awards  relating  to  this  project:  None 
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1.  Biochemistry  8,  Metabolism 

2.  Intermediary  Metabolism 

3.  Bethesda,  Md. 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A. 

Project  Title:  The  Mechanism  of  Action  of  Hormones 

Principal  Investigator:  Dr.  Yale  J.  Topper 

Other  Investigators:  Dr.  T.  David  Elder,  Dr.  Elizabeth  Maxwell, 

Dr.  Theodore  Goodfriend,  Dr.  Jules  Cohen  and 
Dr.  Stanton  Segal 

Cooperating  Units:    Section  on  Metabolic  Enzymes,  LBM,  NIAMD 
Endocrinology  Branch,  NCI 
Clinical  Endocrinology  Branch,  NIAMD 

Man  Years  (calendar  year  1960): 
Total:  5 

Professional:  4-1/3 
Other:  2/3 

Project  Description: 

Objectives  -  The  objective  of  this  project  is  to  determine,  at  a  molecular 
level,  the  mechanisms  by  which  hormones  regulate  intermediary  metabolism. 

Methods  Employed  -  Spectrophotometric  and  isotopic  methods  are  used  in 
studying  the  effect  of  hormones  on  the  kinetics  of  enzymic  reactions. 
Analyses  of  pyridine  nucleotide  levels  in  tissue  preparations  are  made. 
Biological  systems  at  various  levels  of  organization,  i.e.,  tissue  slices, 
tissue  homogenates  and  isolated  enzymes  are  employed. 

Major  Findings  -  1.  The  cytoplasmic  fraction  of  liver  contains  two 
DPN-linked  aldehyde  dehydrogenases.  Only  one  of  these  is  steroid  sensitive. 
VJhereas  progesterone  and  the  androgens  inhibit  this  activity,  the  estrogens, 
and  to  a  lesser  extent  cortisone,  inhibit  when  the  substrate  concentration 
is  rate  limiting,  but  stimulate  when  the  substrate  concentration  in  non-rate 
limiting.  The  mechanism  of  inhibition  appears  to  be  different  from  that  of 
stimulation.  The  dual  nature  of  the  estrogen  effect  may  represent  a  proto- 
type for  a  homeostatic  mechanism  by  which  accelerated  metabolism  occurs  when 
substrate  is  present  in  excess  and  decelerated  metabolism  occurs  when  sub- 
strate is  limiting. 

In  light  of  the  recent  finding  that  vitamin  A  acid  can  substitute 
systemically  for  other  vitamin  A  forms,  it  was  of  interest  to  find  that 
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vitamin  A  aldehyde  is  irreversibly  oxidized  to  the  acid  by  aldehyde 
dehydrogenase,  and  that  the  K^  for  the  aldehyde  is  about  10"^  M.  The  kidney 
enzyme  is  quite  sensitive  to  estrogens,  and  this  may  account  for  the  fact 
that  female  kidney  contains  much  less  of  the  vitamin  than  does  the  male  kidney. 

In  continuation  of  studies  on  galactose  metabolism  it  has  been  found 
that  stimulation  of  the  epimerase  reaction  leads  to  acceleration  of  the 
transferase  reaction  in  hemolysates. 

Oxytocin  and  vasopressin  stimulate  glucose  oxidation  by  mammary  gland 
in  vitro.  The  effects  of  these  hormones  are  additive  to  that  of  insulin, 
but  not  to  each  other. 

Significance  to  NIAMD  Research  -  Studies  on  hormonal  control  of  metabolism 
might  be  expected  to  provide  information  relating  to  mechanisms  of  metabolic 
diseases. 

Proposed  Course  of  Project  -  1.  The  molecular  mechanism  of  steroid 
inhibition  and  stimulation  of  aldehyde  dehydrogenase  will  be  studied. 

2.  The  physiological  significance  of  the  presence  of  two  aldehyde 
dehydrogenases  in  liver  cytoplasm  will  be  examined. 

3.  Functions  of  vitamin  A  acid  will  be  investigated. 

4.  The  effect  of  progesterone  on  the  ability  of  galactosemics  to 
metabolize  a  galactose-load  will  be  determined. 

5.  The  enzymic  site  of  action  of  oxytocin  and  vasopressin  will  be 
investigated. 


Part  B  included:  Yes 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  B«  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Y.  J.  Topper,  E.  S.  Maxv^ell  and  L.  A.  Pesch.   On  the  mechanism  by  which 
progesterone  stimulates  galactose  metabolism.  Biochim.  Biophys.  Acta 
37,  563-565  (i960). 

L.  A.  Pesch,  S.  Segal  and  Y.  J.  Topper.  Progesterone  effects  on 
galactose  metabolism  in  prepubertal  patients  with  congenital  galactosemia 
and  in  rats  maintained  on  high  galactose  diets.  J.  Clin.  Invest. 
39,  178-184  (1960). 

T.  D.  Elder,  S.  Segal,  E.  S.  Maxwell  and  Y.  J.  Topper.  Some  steroid 
hormone-like  effects  of  menthol.  Science  132,  225-226  (i960). 

.  S.  Segal  and  Y.  J.  Topper.  On  the  biosynthesis  of  L-fucose  in  human 
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Principal  Investigator:   Dr.  Bruce  N.  Ames 

Other  Investigators:   Dr.  Robert  F.  Martin 
Miss  Barbara  J.  Garry 

Cooperating  Units:   Dr.  P.  E.  Hartman,  Johns  Hopkins  University 

Man  Years  (calendar  year  1960) 
Total:   2-1/2  years 
Professional:   1-1/2  years 
Other:   1  year 

Project  Description: 

Objectives: 

1)  To  continue  the  investigation  of  the  biochemistry  of  the 
histidine  biosynthetic  pathway  and  the  control  mechanisms  regulating 
this  pathway.   To  study  the  problem  of  gene-function  by  means  of  the 
system  of  the  histidine  biosynthetic  enzymes  which  has  been  analyzed 
in  detail  genetically  by  P.  E.  Hartman. 

2)  To  determine  the  molecular  weight  of  the  histidine  bio- 
synthetic enzymes  so  that  the  genetic  map  distance  of  the  genes  could 
be  correlated  vjith  enzyme  size.   As  part  of  this  investigation 

Dr.  R.  G.  Martin  has  developed  a  new  procedure  for  determining  the 
sedimentation  behavior  of  enzymes  in  protein  mixtures. 

Methods  Employed: 

1)  Various  histidine  requiring  mutants  of  Salmonella  isolated 
by  Dr.  Hartman  have  been  used.  Biochemical  techniques  were  developed 
for  analyzing  these  mutants  for  the  enzymes  of  histidine  biosynthes,is. 

Part  B  included  X  Yes      No 
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Methods  Employed,  cont. 

2)  The  calculation  of  the  molecular  weight  of  a  macromolecule 
such  as  an  enzyme  is  usually  based  on  data  obtained  from  studies  of 
the  molecule  in  an  ultracentrifuge.   The  conventional  methods  for 
obtaining  this  data  employing  the  "analytical"  ultracentrifuge  require 
the  use  of  pure  substances.   A  method  for  the  ultracentrifugation  of 
enzymes  has  been  developed  which  is  applicable  to  enzymes  in  protein 
mixtures.   This  method  uses  the  relatively  inexpensive  "preparative" 
ultracentrifuge . 

This  general  approach  has  been  previously  used  for  viruses  and 
subcellular  particles.   It  has  now  been  modified  to  proteins  of  low 
molecular  weight. 

Using  this  technique,  a  protein  solution  is  layered  on  a  sucrose 
gradient  and  centrifuged  in  a  sv/inging  bucket  rotor.   Each  enzyme  in 
the  layer  moves  at  a  characteristic  rate  through  the  gradient  during 
the  centrifugation.   Thus,  when  the  centrifuge  is  stopped,  the  enzymes 
will  be  separated  into  zones  at  different  levels  in  the  gradient.   The 
sucrose  gradient  stabilizes  the  separation  of  these  zones  and  makes 
fractionation  possible.   The  solution  is  fractionated  by  puncturing  a 
hole  in  the  bottom  of  the  centrifuge  tube  and  collecting  drops.   These 
fractions  may  be  analyzed  for  any  of  a  variety  of  properties:   enzymatic 
activity;  radioactivity;  chemical  properties,  etc.   Thus,  a  particular 
biological  material  in  a  multicomponent  mixture  may  be  localized  by  its 
chemical  activity.   The  technique  has  been  tested  by  determining  the 
sedimentation  behavior  of  several  enzymes  and  a  nucleic  acid  prepara- 
tion, and  the  results  were  in  excellent  agreement  with  values  reported 
in  the  literature. 

The  method  has  many  additional  advantages  over  the  standard 
procedures  for  sedimentation  analysis.   The  apparatus  employed  is 
simpler  and  cheaper  than  the  ultracentrifuge  equipped  with  an  optical 
analysis  system.   Much  smaller  volumes  of  material  may  be  used.   Be- 
cause materials  of  different  sedimentation  properties  are  separated 
from  each  other  during  the  centrifugation,  the  procedure  may  be  used 
for  enzyme  purification. 

With  the  particular  sucrose  gradient  employed,  the  rate  of 
movement  for  any  particular  macromolecule  is  constant.   Consequently, 
long  calculations  can  be  eliminated  by  determining  the  ratio  between 
a  "standard"  enzyme  vjith  knovm  sedimentation  behavior  and  the  "unknown" 
enzyme  being  tested. 
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Major  Findings 

1)  The  first  step  of  histidine  biosynthesis  in  Salmonella 
has  been  sho\.m  to  be  the  reversible  condensation  of  phosphoribosyl- 
pyrophosphate  and  ATP  to  form  N-l-(5' -phosphoribosyl)-ATP  and  pyro- 
phosphate.  The  condensation  product  has  been  isolated  and  its 
structure  proved.   The  enzyme  catalyzing  the  reaction  has  been 
described  and  named  phosphor ibosyl-ATP  pyrophosphorylase.   It  is 
lacking  in  one  class  of  histidine  mutants.   The  enzyme  is  strongly 
inhibited  by  histidine.   None  of  the  other  enzymes  of  the  pathway 
are  inhibited  by  histidine  and  the  inhibition  of  the  first  enzyme 

by  the  end  product  seems  to  be  another  example  of  feedback  inhibition 
control . 

In  addition  to  feedback  inhibition  another  mechanism,  repression, 
is  capable  of  regulating  the  amount  of  histidine  synthesized  in 
Salmonella.   Repression  results  in  control  of  the  rate  of  synthesis 
of  the  enzjrmes  of  a  pathway  by  the  end  product  of  the  pathway.   We 
have  previously  shown  that  four  of  the  histidine  biosynthetic  enzymes 
tested  were  coordinately  repressed,  i.e.,  each  enzyme  level  in  the 
cells  was  affected  equally  by  a  change  in  the  internal  histidine  pool. 
The  pyrophosphorylase  (the  first  enzyme  of  the  pathway)  has  been  found 
to  be  coordinately  repressed  also. 

We  have  suggested  that  coordinate  repression  is  a  control  act- 
ing at  the  gene  level.   As  the  histidine  genes  are  in  a  cluster,  the 
whole  group  might  be  rendered  either  functional  or  non-functional  by 
means  of  a  single  control  point  on  the  chromosome.   Support  for  the 
existence  of  a  small  region  of  the  chromosome  which  controls  all  the 
histidine  genes  has  been  obtained  from  a  study  of  three  unusual 
histidine-requiring  mutants.   The  mutants  all  have  in  common  a  damage 
in  a  small  region  at  the  end  of  the  histidine  cluster.   They  are  un- 
usual in  that  this  mutation  prevents  all  the  other  histidine  genes 
from  being  functional  (these  mutants  lack  all  the  histidine  biosyn- 
thetic enzymes)  even  though  the  corresponding  histidine  genes  are 
undamaged.   Only  the  histidine  genes  appear  to  be  rendered  non- 
functional by  mutation  in  this  region  as  these  mutants  require  only 
histidine  for  growth. 

2)  The  sedimentation  behavior  of  several  histidine  biosynthetic 
enzjmies  has  been  determined  and  approximate  molecular  weights  calculated. 
More  data  is  needed  before  correlations  of  enzyme  size  with  genetic  map 
length  can  be  attempted. 
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Significance  to  NIAMD  Research; 

An  understanding  of  how  genes  are  regulated  may  be  the  key  to 
the  problem  of  differentiation.   The  problem  of  genetic  control  of 
metabolism  has  implications  for  all  of  medical  science. 

Proposed  Course  of  Project; 

To  investigate  the  mechanism  of  the  two  control  mechanisms 
observed.   How  does  histidine  regulate  the  rate  of  synthesis  of  the 
histidine  biosynthetic  enzymes?  \-Jhat  is  the  mechanism  of  the  histi- 
dine inhibition  of  the  action  of  the  first  enzyme  of  the  pathway? 
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Part  B. 

Award:   National  Science  Foundation  Senior  Postdoctoral  Fellowship. 

Publications  during  1960; 

Aines,  B.  N.  and  Dubin,  D.  T.  :   The  role  of  the  polyamines  in  the 
neutralization  of  bacteriophage  DNA.   J.  Biol   Chem.  235:   769,  1960. 

AmeS;  B.  N. ,  Garry,  B. ,  and  Kerzenberg,  L.  A.:   The  genetic  control 
of  the  enzymes  of  histidine  biosynthesis.   J.  Gen.  Microbiol.  22: 
369,  1960.  ~ 
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Project  Title:   Carbohydrate  Metabolism 

Principal  Investigator:   Dr.  Gilbert  Ashwell 

Other  Investigators:   Dr.  Jean  Hickman 

Cooperating  Units:   Dr.  J.  D.  Smiley,  Research  Associate 

Dr.  James  Winkelman,  Research  Associate 
Dr.  Jack  Preiss 

Dr.  J.  J.  Burns,  National  Heart  Institute, 
Laboratory  of  Chemical  Pharmacology 

Man  Years  (calendar  year  1960) 
,  Total:   4  years 

Professional:   3-1/2  years 
Other:   2/3  year 

Project  Description: 

Objectives:   The  objectives  for  the  year  1960  were  four-fold: 

a)  to  continue  studies  undertaken  last  year  on  the 
biosynthesis  of  L-iduronic  acid  in  animal  tissues,  b)  to  investigate 
the  mechanism  of  the  conversion  of  L-gulonic  acid  to  L-xylulose  by 
kidney  enzymes,  c)  to  study  the  enzymatic  degradation  of  the  uronic 
acid  polymer,  alginic  acid,  as  a  model  system  and,  d)  to  complete  the 
studies  on  L-ascorbic  acid  formation  and  utilization  in  mammalian 
tissues. 

Methods  Employed:   In  general,  the  methods  employed  involve  the  use 
of  radioactive  incorporation  of  precursor  sugars 
into  the  compounds  being  studied.   This  is  usually  followed  by  puri- 
fication of  the  enzyme  system  involved.   Intermediates  are  determined 
by  specific  enzymatic  or  colorimetric  procedures  and  isolated  by 
column  or  paper  chromatography.   Final  identification  is  made  by  the 
preparation  of  appropriate  crystalline  derivatives. 

Major  Findings;   In  conjunction  with  Dr.  Hickman,  the  studies  on  L- 

iduronic  acid  biosynthesis  have  been  extended  to 
include  hyaluronic  acid  and  chondroitin  sulfate.   Evidence  for  a 
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Major  Findings,  continued 

previously  unrecognized  chondroitin  sulfate  in  human  umbilical  cord  has 
been  obtained  and  attempts  to  isolate  and  identify  this  material  are  in 
progress.   In  addition,  it  has  recently  been  demonstrated  that  red  blood 
cell  hemolysates  from  patients  with  Hurler's  disease  are  unable  to 
metabolize  UDPG  and  that  the  activity  is  restored  by  freezing.   The 
addition  of  magnesium,  in  small  amounts,  overcomes  the  original  defect  in 
this  tissue  and  renders  it  unaffected  by  freezing.   Further  investigation 
of  the  levels  of  free  and  bound  magnesium  in  normal  and  pathologic  hemol- 
ysates is  planned. 

Together  with  Dr.  Smiley,  the  previously  described  L-gulonic  (DPN) 
dehydrogenase  from  hog  kidney  has  been  reinvestigated  and  purified  100- 
150-folci.   Studies  with  this  enzyme  have  lead  to  the  successful  isolation 
and  identification  of  p-keto-L-gulonic  acid  as  an  intermediate  in  the 
conversion  of  L-gulonic  acid  to  L-xylulose.   The  purified  enzyme  was 
shown  to  possess  an  unusual  substrate  specificity  in  that  it  reacts  with 
all  of  the  hexonic,  pentpnic  and  tetronic  acids  in  which  the  hydroxyl 
group  on  the  p  carbon  possesses  a  laevo  configuration.   In  addition,  the 
p-keto  function  of  acetoacetate  and  2, 3-diketo-L-gulonate  has  been  shown 
to  be  reduced  stereospecif ically  with  the  resultant  formation  of  L(+)p- 
hydroxybutyrate  and  2-keto-L-gulonate  respectively.   Neither  of  the  latter 
two  compounds  had  been  previously  implicated  in  mammalian  metabolism. 

The  final  isolation  of  the  p-keto  acid  has  now  permitted  the 
demonstration  that  the  decarboxylation  reaction  which  leads  to  the 
formation  of  L-xylulose  is  catalyzed  by  a  specific  enzyme.   Dr. 
Winkelman  has  purified  a  protein  fraction  from  guinea  pig  liver  acetone 
powder  which  utilizes  p-keto-L-gulonic  acid  as  a  substrate  and  has 
identified  L-xylulose  as  the  unique  product  of  this  reaction. 

A  study  of  the  pattern  of  enzymatic  degradation  of  a  polyuronide, 
alginic  acid,  has  been  undertaken  by  Dr.  Preiss.   This  polymer  which  con- 
tains a  repeating  unit  consisting  of  D-mannuronic-  and  L-guluronic  acid 
is  utilized  for  growth  by  an  unidentified  soil  organism.   Extracts  of 
this  organism,  purified  approximately  40-fold,  catalyze  the  formation  of 
a  series  of  partially  unsaturated  oligosaccharides  leading  to  the  formation 
of  a  new  keto-uronic  acid,  2-keto-3-deoxy-6-aldehydo-hexonic  acid.   This 
compound  appears  to  be  a  5-epimer  of  a  similar  monosaccharide  recently 
reported  elsewhere  as  a  product  of  the  bacterial  utilization  of  hyaluronic 
acid  and  chondroitin  sulfate.   Further  studies  on  the  mechanism  of  the 
reaction  as  well  as  the  subsequent  fate  of  this  metabolite  are  planned. 

A  series  of  studies  on  the  formation  and  metabolism  of  L-ascorbic 
acid  in  mammalian  tissues,  undertaken  with  Dr.  J.  J.  Burns  of  the  National 
Heart  Institute,  have  been  completed.   The  enzymatic  utilization  of  Vita- 
min C  has  been  shown  to  involve  an  oxidation  to  diketo-L-gulonic  acid 
which  is  decarboxylated  to  yield  L-xylonic  and  L-lyxonic  acid.   L-Xylonic 
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acid  in  turn  is  converted  to  the  5-carbon  analogue,  L-erythroascorbate 
and  this  in  turn  oxidized  and  decarboxylated  to  yield  L-threonic-  and 
L-erythronic  acid.   A  detailed  study  of  the  properties  and  the  speci- 
ficity of  the  ascorbic  acid  forming  enzyme  has  been  made  and  a  manuscript 
of  this  work  is  in  preparation. 

Significance  to  NIAMD  Research:   Knowledge  of  the  metabolic  processes  of 

the  sugars  and  sugar  acids  described  in 
this  report  is  essential  for  the  understanding  of  the  mechanism  of  forma- 
tion of  the  complex  polysaccharides  and  their  role  in  normal  and  patho- 
logical states.   The  present  studies  are  directed  toward  an  understanding 
of  the  basic  problems  of  mucopolysaccharide  biosynthesis.   Only  in  the 
light  of  this  knowledge  can  a  rational  approach  to  the  more  specific 
problems  of  pathology  be  made. 

Proposed  Course  of  Project:   It  is  planned  to  continue  further  studies 

on  the  mechanism  of  biosynthesis  of  the 
acidic  polysaccharides.   In  addition,  closer  collaboration  with  the 
Clinical  Research  Branch  of  this  Institute  is  contemplated  with  es- 
pecial emphasis  upon  the  significance  of  these  studies  of  mucopoly- 
saccharide metabolism  in  relation  to  Hurler's  disease  and  polycystic 
fibrosis. 
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Publications  during  1960; 


Ashwell,  G.,  Wahba,  A.,  and  Hickman,  J  :  Uronic  acid  metabolism  in 
bacteria  I.  Purification  and  properties  of  uronic  acid  isomerase  in 
Escherichia  coli.   J.  Biol.  Chem.  235:  1559,  1960. 

Hickman,  J.  and  Ashwell,  G.:   Uronic  acid  metabolism  in  bacteria  II. 
Purification  and  properties  of  D-altronic  acid  and  D-mannonic  acid  de- 
hydrogenases in  Escherichia  coli.   J.  Biol.  Chem.  235:  1566,  1960. 

Smiley,  J.  D.  and  Ashwell,  G.:   Uronic  acid  metabolism  in  bacteria  III. 
Purification  and  properties  of  D-altronic  acid  and  D-mannonic  acid  de- 
hydrases  in  Escherichia  coli.   J.  Biol.  Chem.  235:  1571,  1960. 

Cynkin,  M.  A.  and  Ashwell,  G.:   Uronic  acid  metabolism  in  bacteria  IV.* 
Purification  and  properties  of  2-keto-3-deoxy-D-gluconokinase  in 
Escherichia  coli.   J.  Biol.  Chem.  235:  1576,  1960. 

Kanfer,  J.,  Ashwell,  G.,  and  Bums,  J.  J.:   Formation  of  L-lyxonic  and 
L-xylonic  acids  from  L-ascorbic  acid  in  rat  kidney.   J.  Biol.  Chem.  235: 
2518,  1960. 

Cynkin,  M.  A.  and  Ashwell,  G.:   Estimation  of  3-deoxy  sugars  by  means  of 
the  malonaldehyde-thiobarbituric  acid  reaction.   Nature  186:  155,  1960. 

Bums,  J.  J.  and  Ashwell,  G.:   L-Ascorbic  acid.   In  Boyer,  P.  D.,  Lardy, 
H.,  and  Myrback,  K.  (eds.):  The  Enzymes.   New  York,  Academic  Press,  Inc., 
1960,  vol.  3,  part  B,  pp.  387-406. 

Smiley,  J.  D.  and  Ashwell,  G.:  Purification  and  properties  of  p-L-hydroxy 
acid  dehydrogenase  II.  Isolation  of  p-keto-L-gulonic  acid,  an  intermediate 
in  L-xylulose  biosynthesis.   J.  Biol.  Chem.,  in  press. 

Ashwell,  G.,  Kanfer,  J.,  Smiley,  J.  D.,  and  Burns,  J.  J.:   Metabolism  of 
ascorbic  acid  and  related  uronic  acids,  aldonic  acids  and  pentoses. 
Trans.  New  York  Acad.  Sciences,  in  press. 

Ashwell,  G.:   Enzymes  of  glucuronic  and  galacturonic  acid  metabolism  in 
bacteria.   In  Colowick,  S.  and  Kaplan,  N.  0.  (eds.):  Methods  in  Enzy- 
mology.   New  York,  Academic  Press,  Inc.,  vol.  V,  in  press. 

Ashwell,  G.:   D-Xylulokinase  from  calf  liver.   In  Colowick,  S.  and  Kaplan, 
N.  0.  (eds.):  Methods  in  Enzymology.   New  York,  Academic  Press,  Inc., 
vol.  V,  in  press. 
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Ashwell,  G.:   Preparation  of  TPN-xylitol  (L-xylulose)  dehydrogenase.   In 
Bergmeyer,  H-U  (ed.):  Methoden  der  Enzymatischen  Analyse.   Germany, 
Verlog  Springen  Ges.,  in  press. 

Ashwell,  G.:   Preparation  of  DPN-xylitol  (D-xylulose)  dehydrogenase.   In 
Bergmeyer,  H-U  (ed.):  Methoden  der  Enzymatischen  Analyse.   Germany, 
Verlog  Springen  Ges.,  in  press. 
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Project  Title:   Studies  on  the  Structure,  Biosynthesis  and  Intermediary 
Metabolism  of  Nucleic  Acids  and  Nucleotides. 

Principal  Investigator:   Dr.  Leon  A.  Heppel 

Other  Investigators:   Dr.  Marie  N.  Lipsett  (6  months) 

Cooperating  Units:   Dr.  Dan  Bradley,  N.I.M.H. 

Dr.  Herbert  Sober,  N.C.I. 

Dr.  M.  F.  Singer 

Dr.  Audrey  Stevens  (9  months) 

Dr.  M.  Alexander  (4  weeks) 

Man  Years:   (calendar  year  1960) 
Total:   1-2/3 
Professional:   1-1/2 
Other:   1/3 

Project  Description: 

Objectives:   The  object  of  this  project  is  to  discover  pathways  for  the 

biosynthesis  and  breakdown  of  nucleic  acids  and  smaller 
polynucleotides,  and  to  investigate  the  primary  structure  of  the  poly- 
nucleotide chain,  as  well  as  to  study  the  secondary  structure  of  nucleic 
acids,  due  to  hydrogen  bonding.   In  addition,  it  is  planned  to  study  com- 
plex formation  between  oligonucleotides  and  nucleic  acids. 

Methods  Employed:   Biosynthesis  and  degradation  of  RNA  and  other  poly- 
nucleotides is  studied,  using  enzymes  purified  from 
bacterial,  plant  and  animal  sources.   The  reactions  are  followed  by  means 
of  paper  and  column  chromatography,  chemical  analysis  and  isotope  tracer 
methods.  Also,  purified  enzymes  are  used  as  specific  analytical  reagents 
for  study  of  polynucleotide  structure.   Physical  methods  for  study  of 
macromolecular  structure  include  spectrophotometric  measurement,  ultra- 
centrifugation,  and  optical  rotation. 

Major  Findings:   Studies  on  the  secondary  structure  of  nucleic  acids  and 

other  polynucleotides  have  been  continued.   More  and 
more  it  is  realized  that  secondary  aggregation,  or  hydrogen-bonding  be- 
Part  B  included  X  Yes         No 
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tween  individual  polynucleotide  chains  is  important  for  nucleic  acid 
specificity  and  function.   Formation  of  secondary  complexes  between 
oligonucleotides  and  large  polynucleotides  is  considered  by  some  to 
occur  metabolically .   In  this  way,  in  the  course  of  protein  biosynthe- 
sis, a  small  polynucleotide  with  an  amino  acid  attached  could  go  to  a 
specific  place  on  the  "template"  RNA,  and  so  direct  the  lining  up  of 
amino  acids  in  a  specific  way.   This  is  called  the  adaptor  hypothesis.  ■ 

A  triple  stranded  complex  has  been  demonstrated  between  a  deoxy- 
ribose  trinucleotide,  (d)  pApApA  and  the  ribose  polymer,  polyuridylic 
acid.   This  has  been  confirmed  by  others,  and  is  considered  to  be  a  model 
for  the  way  DNA  might  control  RNA  synthesis.   The  effect  of  non-comple- 
mentary bases  in  hydrogen  bonding  reactions  has  also  been  studied;  for 
example,  interaction  between  polyuridylic  acid  (poly  U)  and  pApApApApU. 
Titration  data  show  the  same  stoichiometry  as  for  pApApApA.   In  other 
words,  the  terminal  U  of  pApApApApU  is  somehow  rotated  out  of  the  way, 
so  that  every  U  in  poly  U  is  bonded  to  an  "A"  unit.   Others  have  found 
similar  results  with  polymers  containing  non-complementary  bases.   These 
findings  are  significant  in  considering  the  effects  of  mutations  or  in- 
sertion of  abnormal  bases  in  nucleic  acid  molecules.   Helix  formation  is 
still  possible  because  non-complementary  bases  can  be  rotated,  or 
"looped"  out  of  the  way. 

The  effect  of  structure  on  the  strength  of  complex  formation  has 
been  investigated.   Thus,  pApApApApU  binds  poly  U  more  weakly  than 
pApApApA.   With  pApApApApUp,  the  interaction  is  still  weaker. 

A  significant  question  is  the  following:  how  big  does  a  poly- 
nucleotide molecule  have  to  be  before  it  can  behave  like  nucleic  acid 
and  acquire  a  regular,  ordered  secondary  structure,  with  hydrogen  bonding 
interaction  between  bases?   Studies  with  Drs .  Sober  and  Singer  reveal  that 
at  about  the  stage  of  a  hexanucleotide  these  properties  begin  to  appear. 

Biosynthesis  of  RNA  in  a  fraction  from  E.  coli  was  investigated 
(Stevens).   The  system  was  quite  active  and  was  sensitive  to  DNAse. 
This  suggests  a  role  for  DNA  in  RNA  synthesis,  in  agreement  with  others. 

The  mechanism  of  action  of  purified  Micrococcal  nuclease  has  been 
investigated.   The  enzyme  shows  a  striking  inhibition  by  5 '-phosphate 
endgroups.   Molecular  weight  of  the  enzyme  was  determined.   Also,  spec- 
ificity of  ribonucleases  purified  from  spinach  and  wheat  germ  was  studied. 

Investigation  of  polynucleotide  phosphorylase  and  its  specific 
reactions  has  been  continued. 
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Significance  to  NIAMD  Research: 

The  present  studies  help  to  clarify  mechanise;  ror  RNA  synthesis 
and  utilization.   They  also  give  new  information  on  '-  ':-:•  chemical  and  the 
macromolecular  structure  of  polynucleotides.   Consequently  they  are  of 
significance  for  problems  of  hereditary  mechanisms,  certain  metabolic 
diseases,  and  plant  and  animal  viruses.   Governing  principles  coming  out 
of  this  work  also  apply,  to  some  extent,  for  DNA  synthesis.   Finally, 
the  work  pertinent  to  S-RNA  is  important  in  protein  biosynthesis. 

Proposed  Course  of  Project:   Further  studies  on  secondary  structure  of 

interacting  polymers  and  of  RNA's  are  con- 
templated.  Studies  of  RNA  structure  using  specific  enzymes  will  be 
continued.   Complexes  between  oligonucleotides  and  RNA  and  other  poly- 
mers will  be  further  explored.   Other  investigations  on  the  role  of 
polynucleotide  phosphorylase  are  planned. 
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Part  B 

Honors:   Recipient  of  the  Hillebrand  Award,  1960. 

Publications  during  1960; 

Heppel,  L.  A.:   5' -Nucleotidase.   In  Boyer,  P,  D.,  Lardy,  H.,  and 
Myrback,  K,  (eds.):   The  Enzymes.   New  York,  Academic  Press,  Inc.,  1960, 
vol.  V,  pp.  49-53. 

Singer,  M.  F.,  Heppel,  L.  A,,  and  Hilmoe,  R.  J.:   Oligonucleotides  as 
primers  for  polynucleotide  phosphorylase.   J.  Biol.  Chem.  235:  738,  1960. 

Singer,  M.  F.,  Hilmoe,  R.  J.,  and  Heppel,  L.  A.:   The  polymerization  of 
guanosine  diphosphate  by  polynucleotide  phosphorylase.   J.  Biol.  Chem. 
235:  751,  1960. 

Lipsett,  M.  N.,  Heppel,  L.  A.,  and  Bradley,  D.  F.:   Complex  formation 
between  adenine  oligonucleotides  and  polyuridylic  acid.   Biochim.  et 
Biophys.  Acta  41:  175,  1960. 

Anderson,  E.  P.  and  Heppel,  L.  A.:   Purification  and  properties  of  a 
leukemic  cell  phosphodiesterase.  Biochim.  et  Biophys.  Acta  43;  79,  1960. 

Lipsett,  M.  N.,  Heppel,  L.  A.,  and  Bradley,  D.  F.;   Complex  formation 
between  oligonucleotides  and  polymers.   J.  Biol.  Chem.,  in  press. 
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Project  Title:   Enzymatic  Utilization  of  Model  Compounds 

Principal  Investigator:   William  B.  Jakoby 

Other  Investigators:   Gerald  D.  Aurbach 

Cooperating  Units:   Wayne  Albers,  NINDB 

Man  Years  (calendar  year  1960) 
Total:   3-2/3  years 
Professional:   3  years 
Other:   2/3  year 

Project  Description: 

Objectives:   These  investigations  were  concerned  with  the  reactivity  of 

various  chemical  groupings  in  enzyme  catalyzed  reactions. 
The  oxidation  of  aldehydes  and  thiols  have  been  studied  in  detail. 

Methods  Employed:   By  use  of  the  enrichment  culture  technique,  micro- 
organisms were  obtained  with  the  ability  to  grow 
on  various  model  compounds  as  sole  carbon  source.   Enzj^es  from  these 
organisms  were  investigated  by  the  usual  techniques. 

Major  Findings:   Continuing  studies  on  the  mechanism  of  enzyme  catalyzed 

aldehyde  oxidation  have  resulted  in  information  con- 
cerning the  sites  of  substrate  binding  to  protein.   Employing  techniques 
of  enzyme  digestion  and  competitive  inhibition,  it  has  been  concluded 
that  aldehyde  substrates  are  bound  to  closely  juxtaposed  SH  groups  of 
the  enzyme,  whereas  pyridine  nucleotides  are  bound  at  sites  other  than 
sulfhydryl  groups.   The  fact  that  each  of  ten  different  aldehyde 
dehydrogenases  tested  are  sensitive  to  inhibition  by  arsenite,  a 
specific  inhibitor  of  disulfhydryl  systems  at  low  concentration, 
strengthens  the  case  for  disulfhydryl  involvement  for  enzyme  catalyzed 
aldehyde  oxidation.   The  precise  manner  in  which  such  sulfhydryl  groups 
participate  is  in  the  realm  of  speculation  but  probably  involves  a  series 
of  disulfide  interchange  reactions. 
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Major  Findings,  cont. 

Although  methods  available  to  assess  enzyme  topography  are 
rather  primitive,  attempts  in  this  direction  have  allowed  the  formula- 
tion of  a  type  of  "mutual  exclusion  principle"  which  notes  that  measure- 
ments of  rates  of  enzyme  catalysis  cannot  be  related  directly  to  enzyme 
configuration.   This  statement  is  based  on  data  which  point  to  changes 
in  enzyme  configuration  due  to  binding  with  substrate  and  lead  to  the 
conclusion  that  an  enzyme  undergoes  quantitative  and  possibly  quali- 
tative structural  changes  depending  upon  which  of  a  variety  of  enzyme 
substrates  is  used. 

An  enzyme  thiooxidase  has  been  purified  from  a  mold,  Piricularia 
oryzae,  v;hich  catalyzes  the  oxidation  of  conjugated  sulfhydryl  com- 
pounds.  The  enzyme  catalyzes  the  oxidation  of  catechols  as  well  and 
is  analogous  in  many  respects  to  polyphenol  oxidases.   Because  the  thiol 
substrate  is  oxidized  to  a  disulfide  and  no  further,  thus  differing  from 
polyphenol  systems  which  oxidize  catechol  extensively,  the  mechanism  of 
the  oxidation  may  be  studied  without  interference  from  competing  reac- 
tions.  Here,  too,  there  are  indications  for  the  involvement  of  closely 
linked  sulfhydryl  groups. 

Significance  to  NIAMD  Research:   Studies  relating  to  enzyme  mechanisms 

relate  directly  to  the  fundamentals  of 
all  biological  activity.   One  of  the  problems  which  is  being  intensively 
studied,  that  of  thiooxidase  activity,  may  have  direct  application  to  a 
possible  mechanism  for  the  role  of  anti- thyroid  compounds  used  clini- 
cally.  Each  of  conjugated  thiols  possessing  anti-thyroid  activity  is  a 
substrate  of  thiooxidase  although  the  meaning  of  this  correlation  is,  at 
the  moment,  a  matter  of  speculation  and  experimentation. 

Proposed  Course  of  Project:   It  is  expected  that  each  of  the  mechanism 

studies  V7hich  have  been  outlined  above  will 
be  continued.  A  study  of  the  metabolism  of  other  model  compounds,  e.g., 
acetylene,  isopropanol,  threonic  acid,  will  be  initiated. 
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Part  B. 

Publications  during  1960; 

Hayaishi,  C,  Slaughter,  C.  ,  and  Jakoby,  U.  B. :  3-Hydroxy  bile  acid 
dehydrogenase  from  Escherichia  freundii.   J.  Bact.  7£:   145,  1960. 

Nirenberg,  M.  and  Jakoby,  W.  B. :   On  the  sites  of  attachment  and 
reaction  of  aldehyde  dehydrogenases.   Proc.  Natl.  Acad.  Sci.  46 :_  206, 
1960. 

Yamada,  E.  W.  and  Jakoby,  W.  B. :  Aldehyde  oxidation,  V.  Direct  con- 
version of  malonic  semialdehyde  to  acetylcoenzyme  A.  J.  Biol.  Chem. 
235:   589,  1960. 

Nirenberg,  M.  and  Jakoby,  VJ.  B. :   Enzymatic  utilization  of  7-hydroxy- 
butyric  acid.   J.  Biol.  Chem,  235:   954,  1960. 

Albers,  W.  R.  and  Jakoby,  W.  B.:   Exchange  reactions  catalyzed  by 
7-arainobutyric-glutamic  dehydrogenase.   Biochira.  et  Biophys.  Acta  40: 
457,  1960. 

Jakoby,  W.  B.:   Enzymatic  formation  and  utilization  of .7-aminobutyric 
acid  in  Pseudomonas .   In  Roberts,  E.  (ed.):   Inhibitions  of  the  Nervous 
System  and  y-Aminobutyric  Acid.   New  York,  Pergamon  Press,  1960,  p.  159. 

Albers,  W.  R.  and  Jakoby,  W.  B.:   Transamination  and  the  isotopic 
labelling  of  glutaraate  in  brain.   In  Roberts,  E.  (ed.):   Inhibitions  of 
the  Nervous  System  and  y-Aminobutyric  Acid.   New  York,  Pergamon  Press, 
1960,  p.  468. 

Nirenberg,  M.  and  Jakoby,  W.  B. :   Constraints  in  the  determination  of 
active  center  topography  of  enzjmies.   Nature  188:   747,  1960. 

Jakoby,  W.  B.  and  Fredericks,  J.:   Erythritol  dehydrogenase  from 
Aerobacter  aerogenes.   Biochim.  et  Biophys.  Acta,  in  press. 

Jakoby,  W.  B.:   Enzymes  of  7-aminobutyrate  metabolism,  bacterial.   In 
Colowick,  S.  and  Kaplan,  N.  0.  (eds.):   Methods  in  Enzymology.  New  York 
Academic  Press,  Inc.,  vol.  IV,  in  press. 

Jakoby,  W.  B.:   Oxalate  decarboxylation.   In  Colowick,  S.  and  Kaplan, 
N.  0.  (eds.):   Methods  in  Enzymology.   New  York,  Academic  Press,  Inc., 
vol.  IV,  in  press. 
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Project  Title:   Chemical  and  Enzymic  Studies  Related  to  the  Structure 

and  Metabolism  of  Ribonucleic  Acid  and  its  Constituents. 

Principal  Investigator:   Dr.  Maxine  F.  Singer 

Other  Investigators:   Dr.  Leon  A.  Heppel 
Mr.  Malcolm  Martin 

Cooperating  Units:   Dr.  Giulio  L.  Cantoni,  Laboratory  of  Cellular 

Pharmacology,  National  Institute  of  Mental  Health 

Dr.  Herbert  A.  Sober,  Laboratory  of  Biochemistry, 
National  Cancer  Institute 

Man  Years  (calendar  year  1960) 
Total:   1-2/3  years 
Professional:   1  year 
Other:   2/3  year 

Project  Description: 

Objectives:   The  principal  object  of  this  year's  work  was  to  develop 

a  reproducible,  highly  purified  preparation  of  poly- 
nucleotide phosphorylase.   Such  a  preparation  is  essential  for  attain- 
ing several  goals:   the  extension  and  clarification  of  our  studies  on 
the  action  of  polynucleotide  phosphorylase  on  "soluble"  RNA  and  the 
study  of  the  mechanism  of  action  of  the  polynucleotide  phosphorylase. 
In  addition,  vjork  on  the  chemical  structure  of  "soluble"  RNA  of  rabbit 
liver  has  continued.   The  further  purification  and  characterization  of 
a  nuclease  in  mouse  Ehrlich  Ascites  Tumor  cells  was  investigated. 

Dr.  H.  A.  Sober  has  recently  developed  column  chromatographic 
techniques  for  the  preparation  of  pure  samples  of  oligonucleotides. 
In  a  joint  effort  with  Dr.  Sober  and  Dr.  Leon  Heppel  the  study  of 
various  properties  of  an  homologous  series  of  adenine -containing 
oligonucleotides  was  undertaken. 
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Methods  Employed;   Standard  methods  for  protein  fractionation  have 

been  used.   In  addition,  enzyme  purifications  have 
been  obtained  with  modified  cellulose  ion-exchange  resins.   The  new 
technique  of  gel  filtration  has  proved  extremely  useful  for  various 
experiments  vjith  RNA.   Column  and  paper  chromatographic  techniques 
were  applied  to  studies  of  the  constituents  of  RNA.   Spectrophotometry 
is  the  essential  tool  used  in  the  study  of  oligonucleotide  properties. 
Enzymic  and  chemical  assays  utilized  various  methods,  including  isotopic 
tracers  and  spectrophotometric  procedures. 

Major  Findings:   The  preparation,  from  Azotobacter  agilis,  of  poly- 
nucleotide phosphorylase  free  of  nucleic  acid  and  free 
of  contaminating  nucleases  has  proven  a  difficult  task.   In  addition, 
the  purification  procedure  vwrked  out  by  others  was  found  to  be  tedious 
and  unreliable.   Several  reports  in  the  literature  suggested  that 
Micrococcus  lysodeikticus  might  prove  to  be  a  more  convenient  source 
for  the  preparation  of  this  enzyme.   VJe  have  used  the  published  methods 
for  obtaining  extracts  of  M.  lysodeikticus  rich  in  polynucleotide 
phosphorylase  and  have  now  worked  out  a  procedure  for  purifying  this 
extract.   To  date,  although  our  preparations  are  purified  only  five- 
fold with  respect  to  protein,  we   have  been  successful  in  removing  the 
bulk  of  the  contaminating  nucleic  acid.   The  ratio  of  the  absorbancy  at 
280  m\x   to  that  of  250  mja  of  our  preparation  is  about  1.65,  a  finding 
consistent  with  a  nucleic  acid  content  of  less  than  0.25  per  cent.   The 
most  highly  purified  fractions  from  A.  agilis  had  ratios  of  only  about 
1.1.   Concomitant  v/ith  the  loss  of  the  nucleic  acid  several  interesting 
properties  of  the  enzyme  have  come  to  light.   This  preparation  offers 
the  possibility  of  a  concise  investigation  of  the  primer  requirement 
of  the  enzyme,  its  specificity,  and  mode  of  action.   Thus,  we  have 
obtained  preparations  which  apparently  show  an  absolute  requirement  for 
a  preformed  polynucleotide  chain  before  either  polymer  synthesis  or 
inorganic  P^^-nucleoside  diphosphate  exchange  can  occur. 

Recent  work  by  Torriani,  Garen,  and  Levinthal  has  made  available 
a  bacterial  phosphatase  which  is  free  enough  from,  interfering  phospho- 
diesterase to  be  useful  for  the  quantitative  removal  of  phosphomonoester 
groups  from  the  ends  of  polynucleotide  chains.   Using  this  enzyme  we  have 
determined  the  chain  length  of  the  "soluble"  RNA  of  rabbit  liver.   The 
value  obtained  was  114,  which  agrees  very  well  with  the  chain  length 
determined  by  estimation  of  nucleoside  end  groups  and  with  the  molecular 
weight  determined  by  ultracentrifugal  analysis.   Other  workers  have  re- 
ported the  finding  of  several  unusual  ribonucleosides  in  the  "soluble" 
RNA  of  a  variety  of  organisms.   These  nucleosides  occur  in  trace  amounts 
compared  to  the  major  components  (including  5-ribosyluracil) .   Consist- 
ent with  these  reports  we  have  tentatively  identified  thymine  riboside, 
2-methylamino-6-hydroxypurine  riboside  and  2-dimethylaraino-6-hydroxy- 
purine  riboside  as  constituents  of  the  "soluble"  RNA  of  rabbit  liver. 
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Major  Findings,  Cont. 

Using  \i7ell-characterized  preparations  of  each  of  an  homologous 
series  of  adenine  oligonucleotides  we  have  found  that  the  pH  7  hypo- 
chromicity  generally  noted  with  long  chain  polymers  is  demonstrable 
even  in  a  dinucleotide.   With  a  chain  length  of  about  four  nucleotides 
the  hypochromicity  is  virtually  the  same  as  with  polyadenylic  acid  of 
chain  length  100.   Vie  have  also  noted  that  the  shift  of  Xmax  from  257  mji 
to  259  mji  with  increasing  pH  (2  to  7),  that  is  characteristic  of  ade- 
nylic acid,  is  not  seen  with  oligonucleotides  of  chain  length  greater 
than  2.   Investigation  of  the  spectra  of  these  compounds  in  acid  has, 
in  addition,  revealed  a  shift  of  Xmax  from  257  m^x   to  252  mfi  in  com- 
pounds having  a  chain  length  greater  than  6.   Such  a  shift  is  kno^m  to 
occur  in  polyadenylic  acid  and  has  been  interpreted  as  indicating  the 
formation  of  an  ordered  structure.   Our  data  suggest,  therefore,  that 
a  polyadenylic  acid  of  chain  length  as  small  as  7,  is  capable  of  form- 
ing an  ordered  structure  at  room  temperature. 

Significance  to  NIAMD  Research:   The  elucidation  of  the  primary  and 

secondary  structure  of  ribose-nucleic 
acid  as  V7ell  as  an  understanding  of  the  enzymic  reactions  involving 
both  the  synthesis  and  breakdo\>7n  of  ribose-nucleic  acid  are  essential 
to  an  adequate  description  of  cellular  function. 

Proposed  Course  of  Project;   The  further  purification  of  polynucleo- 
tide phosphorylase  from  M.  lysodeikticus 
is  being  actively  pursued.   With  one  of  the  aims  nearly  accomplished, 
namely  the  removal  of  contaminating  nucleic  acid,  we  will  attempt  to 
remove  contaminating  proteins,  in  particular,  nucleases.   With  such  a 
preparation  we  plan  to  investigate  the  detailed  mechanism  and  kinetics 
of  the  polymerization  reaction.   Also,  we  will  return  to  the  problem 
of  the  degradation  of  "soluble"  RKA  by  polynucleotide  phosphorylase  in 
order  to  elucidate  further  the  structure  of  the  "soluble"  RNA. 

We  plan  to  investigate  further  the  apparent  helix-coil  transi- 
tion in  adenine  oligonucleotides.   Optical  rotation  studies  and  X-ray 
diffraction  studies  are  planned.   The  vjork  will  also  be  extended  to 
include  oligonucleotides  having  bases  other  than  adenine. 
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Publications  during  1960; 

Singer,  M.  F.,  Heppel,  L.  A,,  and  Hilinoe,  R.  J.:   Oligonucleotides  as 
primers  for  polynucleotide  phosphorylase.   J.  Biol.  Chem.  235:   738, 
1960. 

Singer,  M.  F. ,  Hilmoe,  R.  J.,  and  Heppel,  L.  A.:   The  polymerization 
of  guanosine  diphosphate  by  polynucleotide  phosphorylase.   J.  Biol. 
Chem.  235:   751,  1960. 

Singer,  M.  F.,  Hilmoe,  R.  J.,  and  Grunberg- Manage,  M.  :   Studies  on  the 
mechanism  of  action  of  polynucleotide  phosphorylase.   J.  Biol.  Chem. 
235:   2705,  1960. 

Singer,  M.  F. ,  Luborsky,  S. ,  Morrison,  R.  A.,  and  Cantoni,  G.  L. : 
Studies  on  soluble  ribonucleic  acid  of  rabbit  liver.   Action  of 
polynucleotide  phosphorylase.   Biochim.  et  Biophys.  Acta  38:   568, 
1960. 

Singer,  M.  F. ,  and  Cantoni,  G.  L. :  Studies  on  soluble  ribonucleic 
acid  of  rabbit  liver.  Terminal  groups  and  nucleotide  composition. 
Biochim.  et  Biophys.  Acta  39:   182,  1960. 
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Project  Title:   Enzymic  and  Chemical  Studies  on  the  Structure  of 
Ribonucleic  Acids  and  Relation  of  Structure  and 
Metabolism  of  Ribonucleic  Acids 

Principal  Investigator:   Dr.  Russell  J.  Hilmoe 

Other  Investigator:   Dr.  Donald  R.  Harkness 

Cooperating  Units:   None 

Man  Years  (Calendar  year  1960) 
Total:   1-1/2  years 
Professional:   1-1/2  years 
Other:   None 

Project  Description: 

Objectives:   The  object  of  the  project  is  to  study  enzymes  catalyzing 

the  breakdown  of  nucleic  acids  with  primary  interest  in 
their  mode  of  action  and  then  to  use  some  of  these  enzymes  to  determine 
the  structure  of  nucleic  acids  and  oligonucleotides  principally  with  re- 
spect to  the  nucleotide  sequence.   Also  to  attempt  to  relate  the  nucleo- 
tide sequence  to  metabolic  activity  of  the  nucleic  acids  and 
oligonucleotides. 

Methods  Employed:   Enzymes  purified  from  bacterial  and  animal  sources 

are  used  in  conjunction  with  chemical  methods  to  de- 
grade nucleic  acids.   The  reactions  are  followed  by  paper  and  column 
chromatography,  chemical  analysis,  and  isotope  tracer  methods.   Purified 
enzymes  are  used  as  specific  analytical  reagents  in  the  study  of  poly- 
nucleotide structure. 

Major  Findings:   Alkaline  degradation  of  "soluble"  RNA  from  yeast  has 
yielded  3' (2'),  5'  guanosine  diphosphate,  the  2'-  and 
3' -isomers  of  the  four  usual  mononucleotides  and  at  least  two  nucleosides. 
This  indicates  that  the  chains  are  terminated  at  the  "nucleotide"  end  by 
5'-guanylic  acid  as  has  been  reported  for  "soluble"  RNA  from  rabbit  liver. 
Since  both  adenosine  and  cytidine  have  been  isolated  from  the  digest,  it  it 
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Major  Findings,  continued 

presumed  that  the  "nucleoside"  terminal  residue  is  not  the  same  for  all 
molecules  in  these  RNA  preparations.   However,  the  possibility  that  this 
is  due  to  partial  degradation  before,  or  during,  isolation  of  the  s-RNA 
has  not  been  ruled  out.   From  the  products  of  alkaline  degradation  it 
has  been  determined  that  the  average  s-RNA  molecule  consists  of  80  to  90 
nucleotide  residues. 

A  second  independent  method,  the  ratio  of  total  phosphate  to 
monoester  phosphate  as  determined  with  a  phosphomonoesterase  from 
Escherichia  coli,  has  given  a  value  for  average  chain  length  of  from 
78  to  80. 

Preliminary  experiments  have  been  carried  out  in  an  effort  to 
develop  a  reliable  and  accurate  method  for  determination  of  the  nucleo- 
tide sequence  in  nucleic  acids.   Final  evaluation  of  the  method  will  be 
made  with  a  preparation  of  "soluble"  RNA  ("amino  acid  transfer"  RNA) 
which  is "fully  charged"  at  the  nucleoside  ends.   This  is  being  prepared. 

A  new  nuclease  has  been  found  in  extracts  of  E.  coli  which  hydro- 
lyzes  polyadenylic  acid  to  5'  AMP. 

Significance  to  NIAMD  Research:   These  studies  contribute  to  our  knowl- 
edge of  the  structure  of  "soluble"  RNA 
and  other  RNA's.   Thus  they  are  directly  concerned  with  the  mechanism  of 
protein  synthesis  as  well  as  RNA  structure  and  are  significantly  related 
to  many  problems  concerning  normal  and  abnormal  cellular  function. 

Proposed  Course  of  Project:   The  purification  and  study  of  the  E,  coli 

nuclease  will  be  undertaken  as  a  means 
toward  a  new  enzymic  reagent  for  use  in  the  study  of  nucleic  acid 
structure.   The  method  for  nucleotide  sequence  determination  will  be  used 
to  study  the  structure  and  specificity  of  yeast  s-RNA. 

The  mode  of  action  of  the  phosphodiesterases  from  spleen  and  snake 
venom  on  ribonucleic  acids  and  oligoribonucleotides  will  be  determined. 
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Part  B 


Publications  during  1960; 


Singer,  M.  F.,  Heppel,  L.  A.,  and  Hilmoe,  R.  J.:   Oligonucleotides  as 
primers  for  polynucleotide  phosphorylase,   J.  Biol.  Chem.  235:  738,  1960, 

Singer,  M.  F.,  Hilmoe,  R,  J.,  and  Heppel,  L.  A.:   The  polymerization  of 
guanosine  diphosphate  by  polynucleotide  phosphorylase.   J.  Biol.  Chem. 
235:  751,  1960. 

Hilmoe,  R.  J.:   Purification  and  properties  of  spleen  phosphodiesterase. 
J.  Biol.  Chem.  235:   2117,  1960. 

Singer,  M,  F.,  Hilmoe,  R.  J.,  and  Grunberg-Manago,  M.:   Studies  on  the 
mechanism  of  action  of  polynucleotide  phosphorylase.   J.  Biol.  Chem.  235: 
2705,  1960. 

Stevens,  A.  and  Hilmoe,  R.  J.:   Studies  on  a  nuclease  from  Azotobacter 
agilis  I.  Isolation  and  mode  of  action.   J,  Biol.  Chem.  235:  3016,  1960. 
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Calendar  Year  I960 

Part  A: 

Project  Title:  Fiirther  studies  in  the  benzomorphan  series. 
Principal  Investigator:  Everette  L,  May- 
Other  Investigators:  Hiroshi  Kugita,  Seeichi  Saito,  and 

J.  Harrison  Ager 

Cooperating  Units:  Pharmacology  Unit  of  this  Section, 

Department  of  Pharmacology,  University 
of  Michigan 

Man  Years  :  Total  :  3 
Professional:  3 
Other      :   0 

Project  Description: 

Objectives:  To  add  to  our  basic  knowledge  of  organic 
chemistry  with  special  emphasis  on  medicinal  agents. 

Methods  employed:  The  standard  methods  of  organic 
chemistry,  synthesis,  degradation  and  spectral  and  chromato- 
graphic analyses. 

Major  Findings: 

1)  Chemical:  The  addition  of  hydrogen  (catalytic  or 
chemical)  or  methane  (by  methylmetallo  reagents)  to  the 
carbonyl  group  of  5-ethyl-2'-methoxy-2-methyl-9-oxo-6,7- 
benzomorphan  (I)  can  be  stereochemically  controlled  to 
produce,  in  each  case,  both  possible  diastereoisomeric 
alcohols.  If  the  methobromide  quaternary  of  I  is  used  the 
hydroxyl  group  is  oriented  toward  the  nitrogen  (a- form), 
whereas  the  opposite  configuration  (§-form)  results  almost 
exclusively  from  I  free  base.  This  may  be  clearly  demon- 
strated by  infrared  spectral  examination  of  the  alcohols 
in  the  Beckmann  IR7,  the  a- form  showing  intramolecular 

OH N  bonding,  the  p-,  intramolecular  OH tT  bonding. 

As  would  be  expected  I  reacts  more  sluggishly  than  the 
corresponding  5-methyl  analog  (cf .  1959  report)  although 
the  ultimate  stereochemistry  is  the  same.  Furthermore, 
ethylmagnesium  iodide  did  not  add  to  the  methiodide  of  the 
5-inethyl  analog  of  I  but  reacted  readily  with  the 
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corresponding  free  base  yielding  again  the  §- ethyl  carbinol. 
These  results  indicate  that  the  foregoing  additions  may 
constitute  a  special  type  of  asymmetric  induction  in  which 
electrical  control  perhaps  takes  precedence  over  steric 
control. 

The  carbonyl  group  of  I  and  its  quaternary  derivatives 
absorb  strongly  in  the  infrared  at  5*75   M.  However,  hydrogen 
halide  salts  of  I  are  transparent  in  this  region  but  absorb 
in  the  3m  region,  when  made  in  the  presence  of  alcohol  or 
water,  showing  solvation  at  the  carbonyl  function. 

The  degradation  of  the  a-9-methylcarbinol  in  the  5-methyl 
series  to  a  nitrogen-free  compound  by  two  Hofmann  elimination 
reactions  has  afforded  a  tetrahydrofuran  compound  with  the 
furan  ring  in  cis-fusion  with  the  tetrahydronaphthalene 
moiety  while  similar  treatment  of  the  p-9-methylcarbinol  gave 
rather  surprisingly  a  strained,  trans- fused  compoiind  as  shown 
by  infrared,  NMR  and  ultraviolet  spectral  data.  Identical 
results  were  obtained  in  the  2'-demethoxy  series. 

The  use  of  3»^diethylpyridine  in  the  Grewe  synthesis  has 
led  to  5>9-diethyl-2'-hydroxy-2-methyl-6,7-benzomorphan  (II) 
in  12^  overall  yield,  13^  less  than  that  obtained  with  the 
lower  homologous  2'-hydroxy-2,5»9-trimethyl-6,7-benzomorphan 
(III)  from  3»^-lutidine.  The  diastereoisomeric  (at  C-9)  form 
of  II  was  also  obtained  in  0,5%   yield.  Both  II  and  III  have 
now  been  synthesized  by  an  alternative  and  more  adaptable 
method  involving  the  Stevens  rearrangement  (cf.  Dr.  Fry's 
report).  This  alternative  method  is  versatile  and  especially 
applicable  to  ^-substituted  pyridines,  which  give  5- sub- 
stituted benzomorphans  with  only  hydrogen  at  position  9,    ^ 
otherwise  difficult  to  obtain.  Both  5- ethyl-  and  5-methyl-2- 
hydroxy-2-methy 1-6, 7- benzomorphans  have  thus  been  synthesized 
in  two  days  in  25%   overall  yield. 

2)   Pharmacological:   The  divorcement  of  physical 
dependence  capacity  and  neuropharmacologic  action  continues 
to  be  demonstrated  in  the  benzomorphan  series  in  the  simian 
species.  At  least  four  more  compounds  (of  this  group) 
ranging  in  analgesic  activity  (mice)  from  two  times  to  half 
that  of  morphine  have  exhibited  little  or  no  capacity  to 
suppress  abstinence  in  monkeys  stabilized  on  3  mg/kg,  of 
morphine.  Three  of  these  h   compounds  posses  a  nitrogenous 
structure  and  configuration  identical  to  morphine.  In  the 
past  this  type  of  structure,  if  it  possessed  good  analgesic 
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potency,  also  possessed  a  proportionate  degree  of  physical 
dependence  capacity  in  monkeys,  and  this  capacity  is  trans- 
ferred quantitatively  to  man  (eg,  morphine,  codeine,  levor- 
phanol).  Where  there  has  not  been  a  quantitative  transfer 
(in  either  direction)  the  nitrogenous  portion  of  the 
molecule  has  almost  invariably  differed  from  that  of  morphine 
and  it  is  believed  that  this  is  due  to  some  differences  in 
metabolism  between  the  two  animal  species.  Various 
laboratories  have  shown  that  monkey  and  man  dispose  of 
morphine,  codeine  and  levorphanol  similarly  and  this  could  be 
expected  of  our  benzomorphans.  Studies  in  the  pharmacologi- 
cal unit  of  our  section,  at  the  University  of  Michigan  and  at 
the  Addiction  Research  Center,  Lexington,  Kentucky,  are 
exploring  this  avenue. 

The  most  interesting  of  the  benzomorphans  (NIH  7569)  under 
trial  at  the  moment  (HBr  salt,  ED(-q  1.6  mg./kg.,  LD^q  ^OO 
mg./kg.,  morphine  ED^q  and  LD^q  respectively  2.0,  ana  ca. 
500  mg./kg.)  has  very  low  physical  dependence  capacity  in  the 
monkey.  It  has  just  been  reported  that  in  postoperative  pain 
6  mg.  are  equivalent  to  10  mg.  of  morphine  and  that  3-nionth 
chronic  toxicity  studies  show  no  untoward  pathology. 

It  is  noteworthy  that  iso-5,9-<iiethyl-2'-hydroxy-2,5- 
dimethyl-6,7-benzomorphan  obtained  in  minute  yield  in  the  two 
benzomorphan  syntheses  developed  in  our  section  to  date,  is 
some  ten  times  more  potent  than  the  corresponding  predominant 
cis- diethyl  compound. 

Significance  of  the  program  to  the  Institute:  This  program 
has  relevance  in  the  area  of  fundamental  research  encouraged 
by  our  Institute  and  in  the  pain  and  anxiety  states  associated 
with  Arthritis  and  various  metabolic  diseases. 

Proposed  Course  of  Project:  To  continue  to  investigate  the 
species  differences  regarding  the  behavior  of  narcotics,  with 
a  view  to  achieving  in  man  the  separation  of  favorable  and 
unfavorable  neuropharmacologic  actions  which  appears  to  have 
been  accomplished  in  monkeys  and  to  develop  better  synthetic 
methods  for  the  more  promising  benzomorphans.  Addiction 
and  oral  pain-relief  studies  with  NIH  7569  are  going  forward. 
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Part  B. 

Publications: 

1.  E.  L.  May:  Chapter  13  on  "Analgesics"  in  Burger's 
Medicinal  Chemistry,  2nd  Ed.  (Interscience) , 

2.  Murphy,  James  G.,  Ager,  J.  Harrison,  and  May,  E.  L. : 
Structures  related  to  morphine.  XIV.   2' -Hydroxy- 5-methyl- 
2-phenethyl-6,7-benzomorphan,  and  9-deraethyl  analog  of  NIH 
7519  (Phenazocine)  from  3 A-dihydro-7-methoxy-2(lH)-naphtha- 
lenone.  J.  Org.  Chem.  25,  I386-I388,  I96O. 

3.  Ager,  J.  Harrison,  and  May,  E.  L, :  Structures  related 
to  morphine.  XIII.   2-Alkyl-2'-hydroxy-5,9-dimethyl-6,7- 
benzomorphans  and  a  more  direct  synthesis  of  the  2-phenethyl 
compound  (NIH  7519).   J.  Org.  Chem.  2^,  98^-986,  I96O. 

k.      May,  E.  L.  and  Kugita,  H. :  Structures  related  to 
morphine.  XV.   Stereochemical  control  of  addition  of  methyl- 
metallo  additions  to  9-o-xobenzomorphans.   J.  Org.  Chem.  (In 
press.) 

5.   Kugita,  H.  and  May,  E.  L. :   Structures  related  to 
morphine.  XVI.   Stereochemical  control  of  addition  of  hydrogen 
to  9-c)Xobenzomorphans.   J.  Org.  Chem.  (In  press.) 

Honors  and  Awards: 

Invited  to  present  a  lecture  to  the  In-Service  Institute 
Group  (NSF  grant)  at  Bridgewater  College.  "Analgesic  agents 
by  total  synthesis",  presented  in  May  I96O. 
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Part  A: 


Project  Title:    1)   Synthetic  Antigens 

2)  Vi  Antigen 

3)  TB  Cell  Walls 

Principal  Investigator:  Theodore  D,  Perrine 

Other  Investigators:  None 

Cooperating  Unit:   NIAID 

Man  Years:  Total  :  1 
Professional:  1 
Other      :  0 

Project  Description: 

Objectives:  To  discover  the  determinant  groups  of 
various  natural  antigens  and  synthesize  test  antigens  with 
a  variety  of  determinant  groups  to  produce  antibodies  for 
the  adsorption  of  specific  molecules.   It  should  be  possible 
to  prepare  antigens  of  prolonged  effectiveness  by  using 
carrier  molecules  resistant  to  enzymatic  degradation. 

Methods:  Usual  methods  of  organic  and  immunochemistry. 

Major  findings:  1)  The  synthesis  of  vinyl  glucoside 
has  been  accomplished  in  poor  yield  via  the  Hofmann  elimina- 
tion reaction.  A  polymer  or  copolymer  of  this  compound  may 
serve  as  the  backbone  to  which  determinant  groups  (sugar 
moities)  may  be  attached  to  confer  antigenicity.  This  is  one 
facet  of  the  synthetic  antigen  program.  p-Hydroxystyrene 
(another  possible  starting  point)  has  also  been  prepared  and 
preliminary  polymerization  and  copolymerization  experiments 
made.  The  cellobiosidation  of  p-ethylphenol  is  being  studied 
as  a  model  substance  with  the  objective  of  developing  a 
reliable,  high-yield  process  of  glycosidiation. 

2)  Correspondence  with  Dr.  F.  J.  Jarvis  (now  at  Idaho 
State  College)  regarding  the  chemical  natiire  of  Vi  antigen 
(cf,  1959  report)  has  continued  and  one  publication  has 
resulted. 
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3)  An  improved  pressxire  cell  was  constructed  of 
tempered  steel  and  sent  to  Dr.  Edgar  Ribi  (Rocky  Moimtain 
Laboratory)  for  testing.  Consultations  with  the  American 
Instrument  Company  on  design  of  a  commercial  model  have 
been  conducted. 

Significance  of  the  Program  to  the  Institute:  This  program 
has  far-reaching  implications  in  that  it  appears  to  be  a 
reasonable  basis  for  the  ultimate  development  of  vaccines 
of  long  diiration  for  almost  any  well-defined  disease.  In 
addition,  there  is  no  question  but  that  important  answers 
to  immunological  questions  can  be  obtained  by  using  an 
antigen  of  definite  chemical  structure,  and  with  one  and 
only  one  antigenically  determinant  structure.  Since  it  is 
known  that  polyvinyl  pyrrolidone  is  antigenic,  there  is 
every  reason  to  suppose  that  other  synthetic  high  polymers, 
tailor-made  to  various  requirements  will  function  as 
immunizing  or  test  antigens. 

Proposed  Course  of  Project:  Immediate  goals  include  the 
synthesis  of  polyvinyl  glucoside-polyvinyl  alcohol  copolymer, 
of  poly  (p-cellobiosido  styrene)-polystyrene  copolymer,  and 
of  poly  (p-glucosido  styrene)-polystyrene  copolymer.  The 
ultimate  aims  are  the  development  of  totally  synthetic 
antigens  of  medical  significance. 
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Part  B: 

Publications: 

1.  Jarvis,  F.  G. ,  Mosenko,  M.  T. ,  and  Perrine,  T.  D. :  Some  physico- 

chemical  properties  of  electrophoretically  -purified  Vi  ajitigen. 
Fed.  Proc.  I9:  83,  I96O. 

2.  Ribi,  E.,  Hoyer,  B.  H. ,  Millner,  K.  C,  Pei^rine,  T.  D. ,  Larson,  C. 

L.,  and  Goode,  G-  J.  Immunology  8k:   32-47,  I96O. 

3.  Oertli,  E.  T. ,  and  Perrine,  T.  D. :  Separatory  funnel  with  magnetic 

stirrer.  Chemie-Ingeneur-Technik.  32:  55^^  I96O;  Chemie  fur 
Labor,  und  Betriet,  Aug.  8,  I96O,  p.  343. 

4.  Perrine,  T.  D. :  Method  for  attaching  glass  water  aspirators  to 

water  lines.  J.  Chem.  Ed.  37:  48l,  196O. 

5.  Perrine,  T.  D. :  9-Viiiylacridine:   Preparation  and  some  reactions 

of  it  and  related  substances  of  possible  application  in  the 
synthesis  of  acridine  amino  alcohols.  J.  Org.  Chem.  25:  I5I6- 
1519,  i960. 


Honors  and  Awards:  None 
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Part  A: 


Project  Title:  The  effect  of  the  administration  of  thyroxin 
on  the  recovery  of  N-demethylase  after  abrupt 
withdrawal  of  narcotic  drugs. 

Principal  Investigator:   Joseph  Cochin 

Other  Investigators:     Louis  Sokoloff  (NIMH) 

Cooperating  Unit:        NIMH 

Man  Years:  Total  :  1/3 
Professional:  1/3 
Other       :  0 

Project  Description: 

Objectives:  To  determine  whether  the  administration  of 
thyroxin  before  and  during  abrupt  withdrawal  affects  the 
restoration  of  activity  of  the  morphine  N-demethylase  which 
is  diminished  during  chronic  morphine  administration. 

Methods  and  Results:   In  addition  to  confirmation  of  the 
preliminary  results  obtained  last  year,  we  have  foxind  that  the 
amount  of  thyroxin  and  the  period  of  time  over  which  it  is 
given  are  most  important  factors  in  determining  whether  or 
not  thyroxin  alone  will  depress  N-demethylase  activity.  Thus 
while  neither  0.5  nor  0.75  micrograms  per  kilogram  will 
affect  the  enzyme  activity  when  given  once  daily  for  fourteen 
days,  both  amoxmts  will  significantly  lower  enzyme  activity 
over  a  thirty  day  period,  the  larger  dose  being  a  more 
potent  enzyme  depressant. 

Significance  to  the  Program  of  the  Institutes:  Contribu- 
tion to  the  understanding  of  the  effect  of  thyroxin  on 
microsomal  enzyme  systems  and  a  possible  lead  toward  under- 
standing the  mode  of  action  of  the  morphine  effect  on 
N-d  em  etiolation. 

Proposed  course  of  the  project:  We  are  now  investigating 
larger  doses  of  thyroxin  in  order  to  find  one  which  will 
significantly  depress  enzyme  activity  over  a  shorter  period 
than  thirty  days  and  then  it  is  hoped  to  continue  the  project 
by  varying  time  intervals  of  thyroid  administration  before 
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and  dxiring  withdrawal  and  by  using  thyroidectomized  animals 
and  thyroid- blocking  drugs.  It  is  also  planned  to  carry 
out  extensive  in-vitro  experiments  to  see  whether  this 
effect  can  be  reproduced  Dy  addition  of  thyroxin  to  tolerant 
non- tolerant  liver  preparations.  Attempts  will  be  made  to 
simplify  the  in-vitro  system  in  order  to  localize  the  site 
of  action  and  investigate  the  mechanism  of  this  effect. 
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Individual  Project  Report 

Calendar  Year  I960 

Part  B: 

Publications: 

1.   Cochin,  J.,  and  Sokoloff,  L. :   Effects  of  administra- 
tion of  L-thyroxin  on  liver  N-dcmethylating  activity  in 
normal  and  morphine- treated  rats.   Proc.  Soc.  Exp.  Biol,  and 
Med.  IQii::  50M-50b,  I960. 


Honors  and  Awards: 

Invited  by  the  Journal  of  the  American  Medical  Associa- 
tion to  submit  a  review  of  "Measurement  of  subjective 
responses"  by  Henry  K.  Beecher,   Published  as  an  unsigned 
review. 
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Part  A: 


Project  Title:  Biochemical  and  pharmacological  changes  after 
chronic  administration  of  narcotic  drugs. 

Principal  Investigator:  Joseph  Cochin. 

Other  Investigators:   Everette  L.  May,  Julius  Axelrod  (NIMH). 

Cooperating  Unit:  NIMH 


Man  Years:      Total 

Professional 
Other 

Project  Description; 


2/3 
1/2 

1/3 


Objectives:  a)  To  determine  whether  depression  of 
N-dealkylation  of  narcotic  drug  substrates  by  rat  liver 
homogenates  after  chronic  administration  of  narcotic  drugs 
parallels  diminution  of  in-vivo  responses  and  whether 
changes  in  the  enzymes  involved  can  serve  as  a  model  for  the 
in-vivo  changes  with  tolerance. 

b)  To  investigate  the  nature  of  the 
reduction  in  enzymatic  activity. 

c)  To  determine  whether  loss  in  N-demethyl- 
ating  activity  of  livers  prepared  from  rats  treated 
chronically  with  various  drugs  can  be  used  as  a  preliminary 
screen  for  dependence  producing  ability  of  these  dru^s  being 
considered  for  use  as  analgesics. 

Methods  and  Results:   a)   The  administration  of  morphine 
sulfate  to  the  black  rat  in  doses  as  low  as  k-   mg/kg.  twice 
daily  for  just  one  week  results  in  significant  reduction  of 
the  N-demethylase  activity.  With  a  dose  of  2  mg/kg.  twice 
daily,  two  weeks  is  sufficient  to  show  small  but  significant 
reduction  in  activity.  If  one  plots  loss  of  activity  against 
dose  one  gets  a  typical  dose-response  curve  whicn  flattens 
out  at  the  higher  doses.  The  longer  the  drug  is  given  the 
lower  tne  dose  at  which  one  sees  significant  depression  of 
enzyme  activity.  We  have  found  that  doses  between  3  and  5 
times  tne  analgesic  ED^q  for  morphine  given  twice  daily  for 
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7  days  will  consistently  lower  the  enzyme  activity  by  more 
than  bOJS. 

b)  Attempts  to  solubilize  the  microsomal 
enzyme  \ander  investigation  have  not  been  successful  thus  far, 
but  we  are  now  trying  the  use  of  cobra  venom  as  a  solubiliz- 
ing  agent.  We  are  also  continuing  the  study  of  the  kinetics 
of  the  demethylation  reaction  to  see  whether  or  not  these 
differ  in  tolerant  and  non- tolerant  animals. 

c)  Studies  are  now  under  way  comparing  the 
effects  of  chronic  administration  of  equipotent  amounts  of 
five  compounds  with  differing  dependence- producing  properties 
on  the  11- demethylation  of  morphine.   Equivalent  amounts  of 
heroin,  codeine,  cocaine,  morphine  and  a  tetrahydroiso- 
quinoline  derivative  (RO  ^-1778)  will  be  given  to  rats  twice 
daily  for  8  days.   Enzyme  activity  from  each  group  of 
animals  so  treated  will  be  assayed  and  an  attempt  will  be 
made  to  correlate  this  with  the  respective  compound's  ability 
to  produce  dependence  in  monkey  and  man. 

Significance  to  the  Program,  of  the  Institute:  We  believe 
this  to  be  a  contribution  to  the  xinder standing  of  the 
mechanism  of  tolerance. 

Proposed  Course  of  the  Project:  We  hope  to  continue  these 
studies  of  the  relationship  of  the  rate  of  N-dealkylation  and 
analgesic  efficiency  and/or  dependence  liability.   If  a 
relationship  is  found  between  dependence  liability  and 
N-dealkylation  a  simple  preliminary  screen  can  be  devised  to 
help  evaluate  the  addiction  potentiality  of  new  analgesics. 


Part  B:  None 
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Individual  Project  Report 
Calendar  Year  I960 


Part  A: 


Project  Title:   Comparison  of  the  development  and  loss  of 

tolerance  to  the  effect  of  morphine  on  an 
analgesic  (hot-plate)  response  and  a 
general  behavorial  response  (swimming)  in 
the  rat. 

Principal  Investigator:  Joseph  Cochin. 

Other  Investigator:   Conan  Kornetsky. 

Cooperating  Unit:   Dept.  of  Pharmacology,  Boston  University 

School  of  Medicine,  Boston,  Mass. 

Man  Years 


Total       : 

1 

Professional: 

2/3 

Other      : 

1/3 

Objectives:  To  determine  whether  the  rate  of  tolerance 
development  on  the  one  hand,  and  loss  on  the  other  hand,  is 
different  for  two  different  effects  of  narcotic  drugs,  and 
to  determine  the  effect  of  a  "priming"  dose  of  morphine  on 
the  rate  of  loss  of  tolerance. 

Methods  and  Results:   In  a  preliminary  study  we  found 
that  the  rate  of  development  and  loss  of  tolerance  was 
different  for  the  two  responses  under  study.  We  found,  how- 
ever, that  even  the  control  animals  that  had  received  morphine 
only  at  the  time  that  the  experimental  animals  were  tested 
were  also  partially  tolerant.  Because  of  this  the  experiment 
was  redesigned  in  such  a  manner  that  a  study  of  the  "priming 
effect"  of  repeated  test  doses  could  be  undertaken.  The 
portion  of  the  experiment  to  be  done  here  is  almost  completed. 
We  find  (one  year  post  withdrawal)  that  the  "priming  effect" 
is  indeed  most  important  and  that  control  animals  that  have 
been  tested  as  frequently  as  have  experimental  animals  are 
about  as  tolerant  as  the  latter  despite  the  fact  that  the 
latter  were  subjected  to  a  70  day  addiction  period  and  the 
former  were  not.   In  addition,  control  animals  not  receiving 
any  morphine  for  almost  a  year  still  showed  a  hot-plate 
response  which  was  but  60-65^  of  the  initial  response.  We 
have  also  found  that  nine  months  after  chronically  morphin- 
ized  rats  are  withdrawn  from  the  drug,  they  are  still 
markedly  tolerant  (a  response  of  about  hO%   of  the  pre- 
addiction  level) • 
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The  portion  of  the  experiment  being  done  by  Dr.  Kornetsky 
at  Boston  University  is  not  as  far  along.   In  the  main  he 
has  confirmed  with  swimming  what  was  found  with  early  part  of 
the  experiments  here,  but  with  the  behavioral  response, 
"priming"  does  not  seem  to  be  as  important  a  factor  as  it  is 
with  the  analgesic  response. 

Significance  of  the  program  to  the  Institutes:  We 
believe  this  to  be  a  contribution  to  the  understanding  of 
the  mecnanism  of  the  loss  of  tolerance  to  narcotic  drugs. 

Proposed  course  of  the  project:  We  hope  to  wind  this 
study  up  within  the  next  six  months  which  will  give  us  data 
covering  a  year  post  withdrawal. 
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Individual  Project  Report 
Calendar  Year  I960 


Part  A; 


Project  Title:  Transformation  of  Codeine  to  an  Analog  of 
Phenazocine. 

Principal  Investigator:  Lewis  J.  Sargent. 

Other  Investigator:      J.  Harrison  Ager. 

Man  Years:  Total  :  1 
Professional:  1 
Other       :   0 

Project  Description: 

Objectives:  To  determine  the  effect  of  a  morphine- like 
ether  bridge  in  the  phenazocine  structure. 

Methods  Employed:  Standard  methods  of  organic  chemistry 
including  spectral  analyses  and  the  hot-plate  method  of 
analgesic  assay. 

Major  Findings:  The  problem  of  transforming  a  naturally 
occurring  opium  alkaloid  to  an  analog  of  the  potent  synthetic 
analgesic,  phenazocine  (NIH  7519)  has  been  successful.  The 
ditosyl  derivative  of  the  N-phenethyl  dicarbinol  disclosed 
in  the  1959  report  was  reduced  with  LiAlH^  to  I  which,  upon 
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treatment  with  boiling  h8%   HBr,  gave  the  corresponding 
phenolic  compound,  an  analog  of  phenazocine  with  a  morphine 
oxygen  bridge. 

During  the  course  of  this  study  it  was  found  that  in  the 
hydrolysis  of  the  osmate  ester  of  the  key  intermediate  (II) 
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pyridine  (J.H.A.)  as  solvent  proved  superior  to  etnanol 
(the  commonly  used  solvent)  in  botn  yield  (88^  from  76%) 
and  facility  of  work-up. 


,NCN 


In  the  o-demetnylation  of  I  NHkOH  basification  to  the 
apparently  unstaole  free  base  greatly  reduced  the  yield  of 
crystalline  nydrobromide  salt  ultimately  obtained. 

Significance  of  the  Program  to  the  Institute:  This 
project  represents  another  facet  of  the  section's  study  of 
structure-activity  relationships  which  has  relevance  in 
the  area  of  painful  metabolic  diseases  and  in  regard  to 
attendant  emotional  disturbances. 

Proposed  Course  of  Project:  Dr.  Sargent  is  on  one-year 
leave- of- absence,  studying  in  England  and  may  well  change 
the  direction  of  his  research  on  retvirning. 
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Individual  Project  Report 

Calendar  Year  I960 

Part  B: 

Publications: 

1.  Sargent,  L.  J.,  and  Weiss,  U.  :   Nonsymmetrical 
bimolecular  reduction:  Structure  of  the  so-called  hydroxy- 
codeine.   J.  Org.  Chem.  2^,   987-990,  I960. 

2.  Sargent,  L.  J. :   Studies  in  the  tetrahydronaphthalene 
series:  Synthesis  of  1-methyl-l- ethyl- 2-n-propyl-7,8-di- 
methoxy-1, 2, 3, ^-tetrahydronaphthalene.   J.  Org.  Chem.   (In 
press). 
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Individual  Project  Report 
Calendar  Year  I960 

Part  A: 

Project  Title:  Synthetic  Analgesics. 

Principal  Investigator:  James  G,  Murphy 

Other  Investigators:  None 

Cooperating  Unit:  Pharmacology  Unit  of  this  Section. 


Man  Years      Total 

Professional 
Other 

Project  Description: 


Analogs  of  Acetylcholine,  -  With  the  obtaining  of  the 
pivolate  (R-.=R  =R^=CH^-) ,  one  group  (Ri^=R^=phenethyl-)  of 
analogs  (I)  of  acetylcholine  was  completed  and,  interestingly, 

N  '^'^  .• 

R.  6     ^3 

5        I 

maximum  activity  (H-0  mg./kg.)  for  the  group  was  observed  with 
the  acetate  CR-,=R2=Ro=H) .   To  augment  activity  a  correspond- 
ing suDstance  bearing  an  oxygen  function  in  the  ^-position  of 
an  aromatic  ring  was  sought.  In  a  five  step  synthesis,  such 
an  analog  CRj_=R2=R3=H;  '^^=-m'^^'^^- \   ^^^^   Ac0C^Hi^C0CH2- )  was 
prepared,  the  isolation  of  which  was  complicated  by  its 
remarkable  sensitivity  to  solvolytic  cleavage. 

Proposed  Course  of  Project:  Additional  quantities  are 
now  being  made  to  permit  conversion  into  daughter  substances 
in  which  the  car bony 1  oxygen  is  reduced  to  the  alcohol  group 
or  removed  completely  as  by  hydrogeno lysis. 
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Individual  Project  Report 
Calendar  Year  I960 


Part  B: 

Publications : 

Murphy,  James  G.,  Ager,  J.  Harrison  and  May,  Everette  L, 
Structures  related  to  morphine.  XIV.   2'-Hydroxy-5-methyl-2- 
phenethyl-6,7-benzoraorphan,  the  9-demethyi  analog  of  NIH 
7519  (rshenazocine)  from  3  ,'+-dihydro-7-methoxy-2(lH)  naphtha- 
lenone.   J.  Org.  Chem.  25,  I386-I388,  I96O. 

Honors  and  Awards:   None 
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Individual  Project  Report 
Calendar  Year  I960 

Part  A: 

Project  Title:   Evaluation  of  Analgesic  Drugs. 
Principal  Investigator:  Nathan  B.  Eddy- 
Other  Investigators:   None 

Cooperating  Unit:  Organic  Chemistry  Unit  of  this  section, 

various  pharmaceutical  firms  of  the 
U.  S.  and  Europe,  Department  of 
Pharmacology,  Univ.  of  Michigan  and 
Addiction  Research  Center,  Lexington,  Ky. 


Man  Years: 

Total       : 

2 

Professional: 

2/3 

Other     •  : 

1-1/3 

Project  Description: 

Objectives:  a)  To  assay  organic  compounds  for  analgesic 
activity  for  practical  purposes  and  for  addition  to  our 
knowledge  of  structure- action  relationships,  and 

b)  to  standardize  the  hot-plate  method  of 
testing. 

Methods  employed:  Hot-plate  method  of  analgesic  assay. 

Major  findings:   a)  Some  eighty  new  compoiinds  and  drug 
mixtures  have  been  evaluated  including  20  new  benzomorphans 
(related  to  phenazocine)  as  a  preliminary  to  the  assessment 
of  physical  dependence  capacity.  The  mixtures  are  of  a 
known  analgesic  and  an  antagonist  closely  related  in  structure, 
to  determine  if  analgesic  action  can  be  maintained  with 
decrease  or  abolishment  of  addition  potential.  Regarding 
evaluation  of  the  20  additional  benzomorphans,  the  line  of 
attack  has  been  upon  lengthening  the  alkyl  radical  at  positions 
5  and/or  9  and  upon  the  influence  of  substituent  9»  both  as 
to  kind  and  spatial  relationship.  In  this  program,  which  is 
in  the  early  stages  compounds  equal  (but  none  superior)  to 
phenazocine  in  potency  have  been  developed.  If  the  group  on 
N  is  CH^,  it  is  advantageous  to  lengthen  the  alkyl  groups  at 
5  and  97  if  the  group  on  N  is  CH2GH2Ph  lengthening  the  alkyl 
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groups  is  not  advantageous.   If  OH  is  substituted  at 
position  9  acetylatlon  is  desirable.   Finally,  if  the  5  and 
9  alkyl  groups  are  trans  (equatorial- equatorial)  activity  is 
nearly  10- fold  greater  than  if  these  groups  are  cis. 

As  to  practical  achievements,  phenazocine  (NIH  7519)  is 
being  marketed  by  the  Smith,  Kline  &  French  Laboratories 
(U.S.A.)  as  Prinadol  and  by  Smith  &  Nephew,  Ltd.  (England) 
as  Narphen  for  injection.  Other  foreign  firms  are  preparing 
to  distribute.   Our  experiments  with  the  oral  form  continue 
to  look  very  encouraging  and  it  is  anticipated  than  an  oral 
preparation  will  be  on  the  market  in  the  near  future. 

b)   In  an  effort  to  further  standardize  and 
determine  the  conditions  which  may  modify  the  results  of  the 
hot-plate  method  for  measuring  analgesic  action,  9  laborator- 
ies (American  and  European,  including  our  own)  are  cooperating, 
This  project,  begun  in  April,  will  go  through  at  least  six 
roiinds  at  3-nionth  intervals.  Through  the  first  3  roimds  the 
results  per  laboratory  are  very  consistent;  results  for  all 
laboratories  agree  very  well  in  some  respects  but  not  in 
others. 

Significance  of  the  Program  to  the  Institute:  All  aspects 
are  relevant  to  the  fundamental  pharmacological  research 
encouraged  by  the  Institutes. 

Proposed  Course  of  the  Project:  The  cooperative  standard- 
ization research  will  be  completed  next  year  and  the  unit 
will  continue  to  serve  as  a  clearing-house  for  the  overall 
assessment  of  potential  analgesic  compounds  as  long  as  the 
program  seems  justified. 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  i960 

Part  B: 

Publications: 

Eddy,  Nathan  B.,  and  Janssen,  Paul:  Compoiands  related  to 
petnidine.  Part  IV.  New  general  chemical  methods  of  increas- 
ing the  analgesic  activity  of  pethidine.  J.  Med.  Pharmaceut. 
Chem.  2,  31-^5,  I960. 

Nichols,  J.  H.,  and  Eddy,  Nathan  3.:   The  assay, 
characteristics,  composition  and  origin  of  opium.  No.  97» 
Analysis  of  samples  of  opium  of  unknown  origin. 
UN  ST/SOA/Ser  K/  97;  19  February  19bO. 

Eddy,  Nathan  B.,  Piller,  Modeste,  Pirk,  Leo  A,,  Schrappe, 
Otto,  and  Wende,  Sigurd:  The  effect  of  the  addition  of  a 
narcotic  antagonist  on  the  rate  of  development  of  tolerance 
and  physical  dependence  to  morphine.   Bull  Narc.  I960. 
Accepted  for  publication. 

Celeberti,  Benjamin  J.,  and  Eddy,  Nathan  B. :   Preanestetic 
medication:  morphine,  anileridine,  oxymorphone  and  placeDo. 
Bull.  Narc.  I96O.   Accepted  for  publication. 

Honors  and  Awards: 

1.  Appointed  as  consultant  to  NIH  after  retirement  on 
September  1. 

2.  Reference  was  made  in  the  1959  report  to  revision  of 
the  U,  S.  Narcotic  Laws,  to  provide  flexibility  in  the 

, regimen  of  control  according  to  tne  degree  of  risk  entailed. 
The  law  (Narcotic  Act  I96O)  has  been  passed  ana  Decomes 
effective  Jan.  1,  I96I.   It  provides  for  an  Advisory  Committee 
with  broad  representation  in  its  membership.  Appointed  chair- 
man of  this  committee. 

3.  Appointed  chairman  of  the  Drug  Addiction  Committee  of 
the  National  Research  Council. 

•+.  Participated  in  the  Eleventh  meeting  of  the  special 
committee  on  Addiction  Producing  Drugs  of  the  World  Health 
Organization,  October  10-15»  I960. 
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Individual  Project  Report 
Calendar  Year  I960 


Part  A: 


Project  Title:  The  Stevens  Rearrangement  in  the  Pyridine 
Series  and  a  New  Benzomorphan  Synthesis. 

Principal  Investigator:   Edward  M,  Fry. 

Other  Investigators:    None 

Man  Years:  Total  :  1 
Professional:  1 
Other       :  0 

Project  Description: 

Objectives:  To  study  the  chemistry  of  pyridines  with  a 
view  to  developing  improved  syntheses  of  interesting  neuro- 
pharmacologic  agents. 

Methods:  The  usual  chemical  operations  and  physical 
measurements. 

Major  Findings:   l-Alkyl-l,2,5,6-tetrahydropyridines  with 
a  benzyl  or  substituted  benzyl  group  in  the  2  position  are 
key  intermediates  in  the  synthesis  of  a  class  of  compounds 
(benzomorphans)  discovered  in  the  Analgesics  section,  to  have 
interesting  and  useful  neuropharmacologic  properties.  The 
Stevens  rearrangement,  an  alkali- induced  1,2  shift  of  alkyl 
or  aralkyl  from  quaternary  nitrogen  to  carbon  seemed  to  offer 
a  suitable  method  for  the  necessary  intermediates,  despite 
the  fact  that  generally  a  variety  of  products  are  formed;  it 
was  reasoned  that  in  the  l,2,5»6-tetrahydropyridine  series 
the  most  readily  formed  ylid  would  be  that  conjugated  with 
the  2»^   double  bond  and  that  substitution  at  the  2  position 
might  thereby  be  favored.  The  desired  l,2,5»6-tetrahydro- 
pyridine  bases  were  readily  obtained  by  the  sodium  borohydride 
reduction  of  the  N-methylpyridinium  halides  in  ^-0-80^  yields, 
and  quaternized  with  benzyl  or  p-methoxybenzyl  chloride.  The 
3, ^-position  of  the  double  bond~was  established  by  NMR  spectra 
Treatment  of  the  p-methoxybenzyl  quaternaries  with  ethereal 
PhLi  gave  85-90/^  yields  of  basic  water- insoluble  products  of 
which  hO-'+5%   proved  to  be  the  desired  2- p-methoxybenzyl- 1- 
methyl-l,2,5»6-tetranydropyridines  as  shown  by  their  subse- 
quent conversion  with  hot  hS%   HBr  to  known  benzomorphans. 
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Non- basic  products  isolated  were  Diphenyl  and  bis-1,2- 
(p-metnoxyphenyl)  ethane.   It  is  interesting  that  when  the 
quaternizing  radical  is  oenzyl  the  yield  of  desired  2-benzyi 
compound  is  about  1/3  that  obtained  when  there  is  a 
p-methoxyl  suDstituent, 

By  this  sequence  of  reactions  U-methyl-,  3»^dimethyl  and 
3 >H~ diethyl- pyridine  have  oeen  converted  to  corresponding 
benzomorphans  with  or  without  a  2*-hydroxyl  depending  upon 
whether  oenzyl-  or  p-methoxylbenzyl  chloride  was  used. 
Pyridines  substituted  in  the  ^-position  afforded  2-hydroxy- 
5-substituted  benzomorphans  in  superior  yield  (  2^%   overall) 
and  with  vastly  greater  facility  than  was  the  case  by 
previously  used  methods,  while  3 »^- substituted  pyridines  gave 
5,9-disubstituted  benzomorphans  in  yields  comparable  to  those 
obtained  in  the  more  cumbersome  Grewe  synthesis. 

Significance  of  the  Program  to  the  Institute:  This  work 
provides  information  on  the  chemistry  of  pyridines  and  the 
Stevens  rearrangement,  and  affords  a  more  versatile  and  per- 
haps practicable  synthesis  for  pharmacologically  interesting 
and  clinically  useful  class  of  products  developed  in  this 
Institute. 

Proposed  Course  of  Project:  Various  investigators  of 
the  section  are  presently  applying  the  above  observations  to 
closely  related  projects  and  are  investigating  tne  utility  of 
the  synthesis  for  known  products  of  medical  importance.   In 
addition,  the  chemistry  of  some  new  azobicyclohexanes  is 
being  studied  in  an  attempt  to  develop  a  method  of  alkylating 
the  2  and  3  positions  of  M-alkyl  dihydropyridines. 
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PHS-NIH 
Individual  Project  Report 
.  Calendar  Year  I960 


Part  B: 

Publications: 

Fry,  E.  M.,  and  May,  E.  L.  :   The  Stevens  rearrangement 
in  the  benzomorphan  synthesis.   J.  Org.  Chem.  (In  press). 

Honors  and  Awards:    None 
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Project  Title:  Study  of  Steroidal  Alkaloids  and  Sapogenins 

Principal  Investigator:  Yoshio  Sato 

Other  Investigator:  Nobuo  Ikekawa  (left  NIH  10/26/60) 

Cooperating  Units:  None 

Man  Years 

Total:  1  2/3 
Professional:  1 
Other:  2/3 

Project  Description: 

Objeciive. —  In  order  to  find  new,  rare  and  fruitful  sources  for  the 
production  of  biologically  active  steroids,  the  study  of  the  chemistry 
of  the  various  steroidal  alkaloids  and  sapogenins  has  continued. 

Methods  Employed. —  A  new  isomeric  tetrahydrosolasodine  obtained  from 
the  aliiminum  trichloride  catalized  lithiiun  aluminum  hydride  reduction 
of  solasodine  has  been  converted  into  the  last  of  the  four  possible 
solanidan-3-ones  by  Kiliani  oxidation  and  subsequent  palladium-charcoal 
reduction.  The  alcohols  of  two  of  these  ketones  were  prepared  by 
lithi\im  aluminum  hydride  reduction.  Another  isomeric  solanidan-3-one 
prepared  by  Uhle  and  Sallman  [J.  Am.  Chem.  Soc.  82,  1190  (i960)] 
through  the  sapogenin,  kryptogenin,  was  shown  to  be  a  mixture  of  two 
of  our  solanidan-3-ones  already  prepared.  Thus,  we  were  able  to 
maintain  the  integrity  of  our  four  possible  C-22j  C-25  isomeric 
solanidan-3-ones . 

The  details  of  the  pyridine  hydrochloride  isomerization  of  OjN-diacetyl- 
solasodine  to  pregnadienolone  were  worked  out  to  the  point  where  its 
commercial  prospects  can  be  exploited. 

The  oximino  ketones  prepared  from  the  interaction  of  nitrous  acid  upon 
the  so-called  unsaturated  pseudotomatidine  and  solasodine  B  were  found 
to  undergo  an  abnormal  Beckmann  rearrangement  to  yield  a  cyanoamide 
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derivative  which  can  be  readily  hydrolyzed  to  yield  the  bisnorcholanic 
and  bisnorcholenic  acid  16  — >  22  lactones  in  very  good  yields. 

Major  Findings. —  1.  The  four  possible  C-22j  C-25  isomeric  solani- 
danones  have  now  been  prepared.  The  solanidan-3-one  of  Uhle  and 
Sallraan  have  shown  to  be  a  mixture. 

2.  Solasodine  can  be  converted  to  pregnadienolone  in  excellent  yields 
by  the  pyridine  hydrochloride  isomerization  method. 

3.  Solasodine  and  tomatidine  can  be  converted  in  excellent  yields  to 
the  respective  bisnorcholenic  and  bisnorcholanic  acid  16  — >  22  lac- 
tones by  the  Beckinann  rearrangement. 

Significance. —  1.  The  utilization  of  solasodine  for  conversion  into 
biologically  active  hormone  intermediates  by  the  pyridine-hydrochloric 
acid  method  may  have  some  commercial  application. 

2.  An  excellent  method  (50-60^  yield)  for  the  preparation  of  bisnor- 
cholenic acid  16  — •>  22  lactone,  hitherto  obtainable  only  in  very 
poor  yields  (c^.  5i^)j  has  now  been  developed.  This  may  spurt  their 
use  as  intermediates. 

3.  The  preparation  of  the  four  possible  C-22j  C-25  isomeric  solani- 
danones  is  of  considerable  academic  interest  in  the  solanidine  field. 
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Part  B     Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Satoj  Y.,  Ikekawa,  N.,  and  Mosettig,  E.:  The  Chemistry  of  the 
Spiroaminoketal  Side  Chain  of  Solasodine  and  Tomatidine.  I.  Improved 
Preparation  of  ;^-Acetoxy-5jl6-pregnadien-20-one  and  ;^-Acetoxy-5a- 
pregn-l6-en-20-one  from  Solasodine  and  Tomatidine.  J.  Org.  Chem.  25t 
783-786,  I960. 

Sato,  Y.  and  Ikekawa,  N.:  The  Chemistry  of  the  Spiroaminoketal  Side 
Chain  of  Solasodine  and  Tomatidine.  II.  Chemistry  of  3P,l6p-Diacetoxy- 
20-(2'-A2  -N-acetyl-5'-methyltetrahydropyridyl)-5-pregnene.  J.  Org. 
Chem.  21-   786-789,  I960. 

Sato,  Y.  and  Ikekawa,  N.:  The  Chemistry  of  the  Spiroaminoketal  Side 
Chain  of  Solasodine  and  Tomatidine.  III.  The  PLeaction  of  0,N-Diacetyl- 
solasodine  in  Acidic  Media.  J.  Org.  Chem.  2^:  789-791,  I960. 

Sato,  Y.  and  Ikekawa,  N. :  The  Chemistry  of  the  Spiroaminoketal  Side 
Chain  of  Solasodine  and  Tomatidine.  IV.  The  Chemistry  of  the  Tomati- 
dine Side  Chain.  J.  Org.  Chem.  23.''   1962-1965,  I960. 

Briggs,  L.  H.,  Colebrook,  L.  D.,  Miller,  H.  K.,  and  Sato,  Y.: 
Solanum  Alkaloids.  Part  XIV.  The  NH  Stretching  Intensities  of 
Solasodine,  Tomatidine,  and  Some  Derivatives.  J.  Chem.  Soc: 
3417-3418,  I960. 
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Part  A 

Project  Title:  Gas  Chromatography  of  Steroids 

Principal  Investigator:  Yoshio  Sato 

Other  Investigator:  Nobuo  Ikekawa  (left  NIH  IO/26/60) 

Cooperating  Units:  Laboratory  of  Chemistry  of  Natural  Products 

(E.  C.  Homing  and  Wm.  J.  A.  Vanden  Heuvel)^  NHI 

Man  Years 

Total:  1  2/3 
Professional:  1 
Other:  2/3 

Project  Description: 

Objective. —  To  separate  steroids  and  steroidal  alkaloids  by  means  of 
gas  chromatography  for  identification  and  purification  purposes. 

Methods  Employed. —  The  steroids  and  steroidal  alkaloids  are  run 
through  a  gas  chromatograph  using  a  column  of  Chromosorb  W,  80-100 
mesh  containing  0.75^  SE-30. 

Major  Findings. —  The  steroidal  alkaloids,  solasodine  and  tomatidine 
and  their  various  derivatives  have  successfully  been  chromatographed 
using  microgram  quantities. 

Significance. —  The  use  of  gas  chromatography  for  steroid  separation 
and  detection  opens  up  a  new  field  in  detecting  minute  quantities  of 
material  from  various  sources. 


Part  B  included     No 
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Part  A 

Project  Title:  Biosynthesis  of  Plant  Sterols 

Principal  Investigator:  Erich  Heftmann 

Other  Investigators:  Raymond  D.  Bennett  and  David  F.  Johnson 

Cooperating  Units:  Laboratory  of  Cellular  Physiology  and  Metabolism 
(Dr.  Barbara  E.  Wright),  NHI-   ;  and  Division  of 
Biology,  California  Institute  of  Technology, 
Pasadena,  Calif. 

Man  Years 

Total:  12/3 
Professional:  1 
Other:  2/3 

Project  Description: 

Objective. —  To  study  the  role  of  sterols  in  plant  physiology. 

Methods  Employed. —  1.  Radioactive  acetate  or  mevalonate  were  injected 
into  tomato  fruits.  Stigmasterol  was  isolated  in  pure  form  and  its 
radioactivity  was  determined. 

2.  The  slime  mold  Dictyostelium  discoideum  is  grown  on  a  medixim  con- 
taining radioactive  acetate  or  mevalonate.  Stigraastenol  is  isolated 
in  pure  form  and  its  radioactivity  is  determined. 

Ma;ior  Findings. —  1.  Stigmasterol  has  not  yet  been  isolated  in  suffi- 
ciently pure  form  to  permit  definite  conclusions  to  be  drawn.  Other 
radioactive  products  from  tomatoes  also  appear  to  be  sterols. 

2.  Failure  of  the  test  system  for  acrasin  activity  (cf .  previous 
report)  has  prompted  us  to  prepare  two  esters  of  stigmastenol,  the 
sulfate  and  the  hemisuccinate,  but  the  slime  mold  did  not  respond  to 
these  new  compounds.  Experiments  are  now  xmder  way  to  study  the 
biosynthesis  of  this  sterol  at  various  stages  of  the  life  cycle  of 
the  slime  mold. 
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Significance. —  1.  The  presence  of  sterols  in  tomato  fniits  has  not 
yet  been  reported.  Furthermore,  nothing  is  knovm  about  the  origin  of 
carbons  28  and  29  in  plant  sterols. 

2.  The  hormonal  effect  of  stigmastenol  in  the  slime  mold,  demonstrated 
last  year,  raises  the  question  whether  this  sterol  is  synthesized  at 
different  rates  during  the  life  cycle  of  the  organism. 


Part  B  included    No 
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Part  A 

Project  Title:  Biogenesis  of  Sapogenins 

Principal  Investigator:  Erich  Heftmann 

Other  Investigator:  Raymond  D.  Bennett 

Cooperating  Unit:  Division  of  Biology,  California  Institute  of 
Technology,  Pasadena,  California 

Man  Years 

Total:  11/3 
Professional:  1 
Other:  1/3 

Project  Description: 

Objective. —  To  determine  the  mechanism  whereby  sapogenins  are 
synthesized  in  plants. 

Methods  Employed. —  Homogenized  tubers  of  Dioscorea  floribunda  were 
incubated  with  radioactive  acetate  or  mevalonate.  Diosgenin  was 
isolated  in  pure  form  and  its  radioactivity  was  determined. 

Major  Findings. —  While  incubation  with  acetate  produced  diosgenin  of 
low  but  constant  specific  activity,  mevalonic  acid  was  not  incorporated 
into  this  sapogenin.  Several  other  radioactive  products  have  been 
isolated,  but  not  yet  identified. 

The  diosgenin  content  and  biosynthetic  activity  of  various  parts  of 
the  tuber  showed  appreciable  differences.  The  former  is  highest  in 
the  portion  around  the  shoot,  while  the  latter  is  lowest  in  the  ven- 
tral part  of  the  tuber. 

Sipiif icance. —  This  is  the  first  published  report  on  the  biosynthesis 
of  sapogenins.  The  failure  of  mevalonic  acid  to  act  as  a  precursor  of 
diosgenin  in  a  Dioscorea  tuber  indicates  that  the  biosynthesis  of 
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steroids  in  plants  may  take  a  coiirse  different  from  that  established 
for  sterols  in  animal  tissues.  The  observed  differences  in  distri- 
bution and  biosynthesis  of  diosgenin  in  various  parts  of  the  tuber 
may  furnish  leads  for  further  work  on  the  physiological  role  of 
steroids  in  plants. 


Part  B  included     Yes 
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Part  B    Honors,  Awards,  and  Publications 
Publications  other  than  abstracts: 


Heftmann,  E.  and  Mosettig,  E.:  Biochemistry  of  Steroids.  New  York, 
Reinhold  Publishing  Corporation,  I960,  231  pages. 
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Part  A 

Project  Title:  Analysis  of  Steroids 

Principal  Investigator:  David  F.  Johnson 

Other  Investigators:  Daniel  Francois  and  Erich  Heftmann 

Cooperating  Unit:  Instrument  Engineering  and  Development  Branch 
(Grant  C.  Higgle),  DRS 

Man  Years 
Total:  2 

Professional:  2/3 
Other:  1  1/3 

Project  Description: 

Ghjeptivp.- —  To  increase  the  specificity  and  efficiency  of  steroid 
analysis. 

Methods  Employed. —  1.  The  method  developed  for  the  analysis  of 
individual  17-ketosteroids  has  been  outlined  in  the  previous  report. 

2.  A  method  has  been  developed  for  rapid  and  accurate  plating  of 
radioactive  steroid  fractions. 

3.  A  fully  automatic  steroid  analyzer  has  been  constructed  and  is  now 
undergoing  final  testing. 

Major  Findings. —  1.  All  17-ketosteroids  commonly  found  in  urine  can 
be  separated  by  gradient  elution  chromatography  on  silicic  acid 
columns.  The  analysis,  now  performed  semi -automatically,  gives  the 
amount  of  each  in  a  complex  mixture. 

2.  The  new  plating  technique  gives  precise  results  and  can  be 
performed  automatically. 

3.  The  steroid  analyzer  produces  elution  gradients  precisely  in 
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accordance  with  any  desired  ratio  of  elution  solvents.  Adrenocortical 
hormones  fractionated  in  the  machine  are  automatically  determined  by 
their  ultraviolet  absorption  and  reducing  power  and  the  results  are 
recorded  on  a  strip  chart.  Unused  aliquots  of  the  fractions  are  now 
stored  by  the  machine. 

Significance. —  Individual  steroids  in  biological  extracts  can  now 
be  determined  with  accuracy  by  machine.  A  combination  of  the  methods 
indicated  will  eventually  permit  the  automatic  analysis  of  all  steroids 
in  metabolic  experiments.. 


Part  B  included     Yes 
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Part  B     Honors,  Awards,  and  Publications 

Award  pertaining  to  this  project: 

Francois J  D.,  Incentive  Award  of  ^50  for  a  suggestion  for  an 
apparatus  to  help  determine  radioactivity  in  eluate  fractions  from 
the  chromatographic  separation  of  corticosteroid-containing  extracts. 
November  23 j  I960. 

Publication  other  than  abstracts  from  this  project: 

Higgle,  G.  C,  Anderson,  F.  0.,  Crisp,  L.  R.,  Heftmann,  E.,  and 
Johnson,  F, :  Automatic  Device  for  Fractionation  and  Spectrophoto- 
metric  Determination  of  Steroids.  Digest  of  Technical  Papers,  13th 
Ann.  Conf.  Electr.  Techn.  Med.  Biol.,  1st  Ed.,  pp.  88-89,  Oct.  I960. 
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Fart  A 

Project  Title:  Adrenocortical  Hormones  in  Rat  Adrenal  Tixmor  Tissue 

Principal  Investigator:  David  F.  Johnson 

Other  Investigators:  Daniel  Francois  and  Erich  Heftmann 

Cooperating  Units:  Laboratory  of  Pathology  (Dr.  Katherine  C.  Snell), 
NCI 

Man  Years 

Total:  11/3 
Professional:  1/3 
Other:  1 

Project  Description: 

Qh,iective. —  To  determine  the  nature  of  adrenocortical  hormones 
produced  by  a  transplantable  rat  adrenal  tumor. 

Methods  Employed. —  1.  Tumor  tissue  was  extracted  and  fractionated 
by  our  chromatographic  technique. 

2.  Tumor  tissue  or  normal  rat  adrenals  were  incubated  with  radio- 
active progesterone  or  deoxycorticosterone.  Carrier  amounts  of  corti- 
costeroids were  added  and  the  incubate  was  fractionated  as  above. 

Major  Findings. —  1.  From  the  tumor  tissue  deoxycorticosterone, 
cortices terone J  and  aldosterone  were  isolated. 

2.  While  in  the  normal  rat  adrenals  corticosterone  and  aldosterone 
were  the  end-products  of  metabolism,  tumor  tissue  showed  a  greatly 
decreased  ability  to  carry  out  11-hydroxylation  of  the  added 
precursors. 

Significance. —  The  decreased  ability  of  the  rat  tumor  to  hydroxylate 
precursors  in  the  11-position  leads  to  an  accvunulation  of 
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ll-deoxycorticosterone,  which  accounts  for  the  previously  observed 
symptons  in  the  tumor-bearing  rat.  Deoxycorticosterone  has  not 
been  isolated  from  rat  adrenals  heretofore. 


Part  B  included     No 
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Part  A 

Project  Title:  Structure  and  Stereochemistry  of  Steviol  and  Isosteviol 

Principal  Investigator:  Urs  Beglinger 

Other  Investigator:  Erich  Mosettig 

Cooperating  Units:  None 

Man  Years 

Total:  1  2/3 
Professional:  1  1/3 
Other:  1/3 

Project  Description: 

Ob;iective. —  To  elucidate  the  position  of  the  carboxyl  group  in  steviol 
and  isosteviol. 

Manor  Findings.—  1.  LACTONIZATION .  In  order  to  obtain  the  15-exo- 
bromoi so steviol  which  could  form  the  lactone  by  SN2  reaction,  the 
hydrolysis  of  the  ester  was  tried  by  refluxing  with  Lil  in  collidine 
(Eschenmoser).  Hydrolysis  was  accomplished  but  simultaneously  Br  was 
replaced  by  H. 

2.  DECARBOXYLATION.  It  is  expected  that  after  decarboxylation  NMR 
spectra  will  distinguish  between  U-CHCii^   and  4.-C(CH3)2.  The  available 
methods  of  decarboxylation  tried  in  niimerous  experiments  on  isosteviol 
and  isostevic  acid  failed,  probably  because  of  the  sterical  hindrance 
of  the  carboxylic  group. 

3.  REDUCTION  OF  DIHYDROSTEVIOL  A  and  B,  METHYLESTER  to  20(?)  HYDROXY- 
STEVANE  A  and  B.  Djerassi's  group  converted  Garryfoline  to  an 
alcohol  which  is  possibly  identical  with  20(?)  hydroxy stevane 

A  or  B.  The  synthesis  of  this  compound  requires  bromination  of 
dihydrosteviol-methylester  in  position  13,  reduction  of  the 
latter  compound  with  Raney  Ni  to  stevic  acid  methylester  and 
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following  reduction  with  LiAlH^  to  the  desired  alcohol.  Preliminary 
experiments  on  the  first  two  steps  gave  a  crystalline  compound  which 
is  probably  because  of  the  wide  melting  point  range,  a  mixture  of 
stereoisomers  (replacement  by  Br  of  13-OH  causing  partial  inversion 
at  Cg). 

4..  ISOMERIZATION  of  1#:THYLALL0GIBBEEATE  NORKETONE.  On  treatment  of 
ketonorsteviol-methylester  with  BuLi  inversion  at  Cs  and  C13  occxirs. 
It  is  intended  to  apply  the  same  reaction  on  methylallogibberate 
norketone . 

Significance. —  The  elucidation  of  the  absolute  configuration  of  all 
asymmetric  centers  of  the  steviol-isosteviol,  kaurene  and  mirene 
diterpenes. 


Part  B  included    Yes 
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Part  B     Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  proj  jc 


Bolder,  F.,  Lichti,  H.,  Mosettig,  E.,  and  Quitt,  i        structure 
and  Stereochemistry  of  Steviol  and  Isosteviol.  J.        .       .   ....  See.:  82, 

246,  I960. 
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Pgrt  A 


Project  Title:  The  Partial  Synthesis  of  Sulfur  Analogs  (Positions  11 

and/or  9)  of  Hydroxylated  Corticoids  and  Other  Steroidal 
Hormones 

Principal  Investigator:  Yo  Ueda 

Other  Investigator:  Erich  Mosettig 

Cooperating  Unit:  Cancer  Chemotherapy  National  Service  Center,  NCI 

Man  Years 

Total:  1  2/3 
Professional:  1  l/3 
Other:  l/3 

Project  Description: 

Objective. —  This  study  has  been  commenced  with  the  objective  of 
finding  antimetabolites  of  corticoids  and  steroidal  sex  hormones.  Such 
antimetabolites  may  shed  light  upon  the  mechanism  of  action  of  anti- 
rhevunatoid  and  cancerchemotherapeutic  steroidal  agents. 

Methods  Employed. —  The  methods  employed  consist  mainly  in  the 
hydrolysis  of  the  ll^-thiocyano  group  to  the  ll^-thiol  group  via  11^- 
acetyldithiocarbamato  group. 

Major  Findings. —  The  novel  method  of  obtaining  11^-thiolsteroids  was 
found  through  the  synthesis  of  3ct,9ct-oxido-lip-thiol-^-androstan- 
;:^-ol-17-one  3-methylether  from  the  corresponding  11^-thiocyano  compound. 
In  addition,  the  products  of  hydrolysis  of  9ct-thiocyanocortisone  and 
-adrenosterone  (they  were  considered  previously  and  tentatively  to  be 
9ct-thiocarbamato  compounds)  were  elucidated  as  2'-methoxythiozolino- 
4 ',110,5 '39a  derivatives. 

Significance. —  The  new  method  allows  for  the  first  time  to 
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introduce  a  thiol  group  into  the  ll^-position  of  pregnane  and 
androstane  derivatives. 


Part  B  included     Yes 
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Part  B     Honors,  Awards,  and  Publications 

Publications  concerning  reports  for  calendar  year  1959,  but  not 
reported  there i 

Kawasaki,  T.  and  Mosettig,  E.:  Synthesis  of  9a-   and  lip-Thiocyano 
Steroid  Analogs.  J.  Org.  Chem.  2^:  2071-2072,  1959. 

ThoEPson,  M.  J.,  Mosettig,  E.,  and  von  Brand,  T.:  Unsaponifiable 
Lipids  of  Taenia  taeniaeformis  and  Moniezia  sp.  Exptl.  Parasitol.  2' 
127-130,  I960. 

Avigan,  J.,  Steinberg,  D.,  Thompson,  M.  J.,  and  Mosettig,  E.:  The 
Mechanism  of  Action  of  MER-29.  Progr.  Cardiovascular  Dis.  Z- 
525-530,  I960. 

Avigan,  J.,  Steinberg,  D.,  Vroman,  H.  E.,  Thompson,  M.  J.,  and 
Mosettig,  E.:  Studies  of  Cholesterol  Biosynthesis.  I.  The  Identi- 
fication of  Desmosterol  in  Serum  and  Tissues  of  Animals  and  Man 
Treated  with  I4ER-29.   J.  Biol.  Chem.  221i   3123-3126,  I960. 
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Project  Title:  Study  on  Hydroxylated  Anthrasteroids 

Principal  Investigators:  John  A.  Steele  and  Osamu  Tanaka  (left  NIH 

9/30/60) 

Other  Investigator:  Erich  Mosettig 

Cooperating  Units:  None 

Man  Years 

Total:  2  1/3 
Professional:  1  1/3 
Other:  1 


Project  Description: 

Objective. —  To  obtain  the  hydroxylated  anthrasteroids  from  1 
corresponding  3-hydroxy-A5j7j9vllJ-steroids  in  a  pure  state. 


The  chemical  structure  and  the  mechanism  of  the  rearrangement  are  being 
investigated. 

Methods  Employed. —  Dehydroergosteryl  acetate  was  treated  with  p-tolu- 
enesulfonic  acid  in  CH2CI2  at  room  temperature  for  c^.  16  hours  to 
give  two  isomeric  products.  The  products  were  purified  by  chromato- 
graphy and  fractional  recrystallization  as  derivatives  (p-chloro- 
benzoate  and  hexahydrobenzoate). 

In  order  to  elucidate  the  struct\ire  of  one  of  the  isomers,  I4.3I5- 
anthraergostatrienediol  was  prepared.  14pOH-Anthraergostatetraen-15- 
one  was  prepared  by  treating  anthraergostapentaene  with  monophthalic 
acid  in  ether.  Hydrogenation  of  this  product  gave  the  corresponding 
dihydro  compound  li4flOH-anthraergostatrien-15-one.  LiAlH^^.  Reduction 
of  li(,pOH-anthraergostatrien-15-one  gave  14315-anthraergostatrienediol. 

Ma.i'or  Findings. —  1.  The  pure  isomeric  alcohols  XOHl/^a-anthraergosta- 
tetraene  and  XOHl^p-anthraergostatetraene  were  degraded  to  the 
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corresponding  hydrocarbons  14fl-anthraergostatriene  and  14P-anthra- 
ergostatriene. 

2.  Pinacol  rearrangement  of  14jl5-anthraergostatrienediol  with  HCl 
gas  in  CH2CI2  gave  l/iP-anthraergostatrien-15-one.  This  product  was 
degraded  to  l^-anthraergostatriene  which  was  identical  in  every 
respect  with  the  degradation  product  of  X0H14^-anthraergostatetraene. 

3.  14fl-Anthraergostatriene  from  the  degradation  of  XOHl/^a-anthra- 
ergostatetraene  was  identical  with  an  authentic  sample  prepared  by 
the  Nes-Mosettig  procedure. 

Ly,   NMR  Investigation  of  all  the  principal  compounds  involved  in  this 
study  established  the  conformation  at  the  C/1)  ring  juncture. 

Significance. —  The  formation  of  the  14.-isomeric  ring  A  hydroxylated 
anthrasteroids  involves  an  unusual  and  thus  far  unexplainable  mechanism, 
obviously  different  from  that  leading  to  the  A-L^-anthra steroid  tetra- 
enes  (elimination  of  the  oxygen  function.). 


Part  B  included     No 
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Part  A 

Project  Title:  Infrared  Spectroscopic  Studies 

Principal  Investigator:  Harold  K.  Miller 

Other  Investigator:  Anne  H.  Wright 

Cooperating  Units:  None 

Man  Years 

Total:  2  1/3 
Professional:  1 
Other:  11/3 

Project  Description: 

1006  Spectra  have  been  made  in  support  of  investigations  in  this  and 
other  laboratories.  More  spectra  of  steroids  have  been  converted 
to  proper  units  for  Lorentzian  analysis,  and  information  has  been 
gathered  to  prepare  a  detailed  manual  for  Dr.  Haye's  Lorentzian  curve 
fitter.  A  Rudolph  Recording  Spectropolarimeter  was  acquired  from  the 
Carbohydrate  Section  of  the  Laboratory  of  Chemistry,  and  has  been  put 
into  operating  condition,  and  now  produces  usable  optical  rotatory 
dispersion  data.  Both  Model-21  spectrophotometers  have  been  equipped 
with  auxiliary  recorders  for  presentation  of  spectra  on  N.B.S.  punch 
cards. 


Part  B  included     No 
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Project  Title:  Studies  on  the  Synthesis  of  Carbohydrate  Derivatives  for 
Medical  Research 

Principal  Investigator:  Hewitt  G.  Fletcher,  Jr. 

Other  Investigators:  R.  K.  Ness,  H.  B.  Wood,  Jr.,  D.  L.  MacDonald,  H.  W. 
Diehl,  A.  K.  Bhattacharya  (V.S.  from  9/30/6O),  B. 
Coxon  (Fellow  from  8/1/6O),  R.  Barker  (V.S.  to 
8/19/60),  C.  Pedersen  (Fellow  to  V22/60) 

Cooperating  Units:  See  Item  D  below 

Man  Yesirs  (calendar  year  I96O): 
Total:  7-1/3 
Professional:  5-2/3 
Other:  1-2/3 

Project  Description: 

Objectives:  To  investigate  new  synthetic  pathways  for  the  synthesis 
of  carbohydrate  substances  of  importance  to  medical  research  with  the 
object  of  making  such  substances  available  for  research  and  extending 
knowledge  of  their  chemical  properties. 

Progress  dxiring  196O; 

A.  The  new  method  for  the  synthesis  of  1-substituted  aldose  deriva- 
tives via  1-thioaldose  compounds,  reported  last  year,  has  now  been  fovmd 
to  be  applicable  to  the  synthesis  of  2-deoxynucleosides ,  adding  a  new  and 
who]J.y  different  method  for  the  synthesis  of  these  important  glycosides. 

B.  The  1-thioaldose  approach  has  been  successfully  used  for  the  syn- 
thesis of  a  number  of  new  derivatives  of  the  furanose  form  of  2-deoxy-D- 
ribose. 

C.  With  ethyl  5-0-benzoyl-l-thio-P-L-arabinoside  as  a  test  substance, 
some  features  of  the  1-thioaldose-heavy  metal  salt  reaction  have  been 
explored.  Such  1-thiofuranose  derivatives  were  found  more  reactive  than 
the  pyranose  analogs  toward  heavy  metal  salts.  Owing  to  the  fact  that 
three  biochemically  importajat  sugsirs,  ribose,  2-deoxyribose  and  fiructose, 
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normally  play  their  roles  in  the  furanose  form,  this  finding  auguirs  well 
for  future  syntheses  in  this  area. 

D.  The  discovery,  in  another  lahoratory,  that  sophorose  (2-0-P-D- 
glucopyranosyl-D- glucose)  is  a  contaminant  in  U.S. P.  dextrose  and~a 
potent  inducer  for  the  formation  of  certain  enzymes  made  desirable  re- 
examination of  the  sources  of  this  rare  disaccharide  which  had  been 
encovmtered  in  previous  researches  in  this  laboratory.  A  comparatively 
simple  synthesis  of  sophorose  was  evolved,  making  this  sugar  relatively 
accessible.  This  work  was  carried  out  in  part  as  a  service  for  the 
Pioneering  Research  Division  of  the  Quartermaster  Research  and  Engineering 
Command,  U.  S.  Army,  Natick,  Massachusetts. 

E.  Factors  in  the  chemical  synthesis  of  2-deoxy-D-ribofuranose  1- 
phosphate  have  been  explored. 

F.  A  synthetic  pathway  for  the  preparation  of  very  labile  1-acyl- 
aldoses  has  been  investigated  in  both  the  L-arabinofuranose  and  D-ribo- 
furanose  series.   In  each  case  the  sugar  was  converted  to  the  methyl 
aldofuranoside  which  was  then  completely  benzylated.   It  was  shown  that 
the  products  thus  obtained  could  be  converted  to  the  corresponding  folly 
benzylated  1-0-p-nitrobenzoylaldofuranoses  which  in  turn  gave  benzylated 
aldofuranosyl  chlorides.  Some  properties  of  these  chlorides  were  inves- 
tigated with  their  potential  synthetic  utility  in  mind. 

Proposed  Course  of  Project;  Continuation  of  research  on  the  above 
and  closely  allied  topics. 


Paxt  B  included:  Yes 
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Publications  other  than  abstracts  from  this  project: 

Pedersen,  C.  and  Fletcher,  H.  G. ,  Jr.:  The  Anomeric  2,3,4-Tri-O-benzoyl- 
D-ribopyranosyl  Fluorides  and  2,3,5-Tri-O-benzoyl-D-ribofuranosyl 
Fluorides.  A  Novel  Transformation  from  the  D-Ribopyranose  to  the  D- 
Ribofuranose  Series.  J.  Am.  Chem.  Soc.  82:  9^1,  I96O. 

Pedersen,  C.  and  Fletcher,  H.  G. ,  Jr.:   2,3,4-Tri-O-benzoyl-L-arabino- 
pyranosyl  Fluoride  and  a  Transformation  from  the  L-Arabinopyranose  to 
the  L-Ribopyranose  Series.  J.  Am.  Chem.  Soc.  82:  945-9^7,  I96O. 

Pedersen,  C.  and  Fletcher,  H.  G. ,  Jr. :  The  Reaction  of  Certain  1-Thio- 
aldose  Derivatives  with  the  Silver  Salts  of  Carboxylic  Acids.  Synthesis 
of .1-0-Mesitoyl-D-glucose.  J.  Am.  Chem.  Soc.  82:  3215-3217,  I96O. 

Pedersen,  C. ,  Diehl,  H.  W.  and  Fletcher,  H.  G. ,  Jr.:  2-Deoxy-D-ribose. 
III.  The  Anomeric  l,3,4-Tri-0-benzoyl-2-deoxy-D-riboses,  the  Anomeric 
1^3^5-Tri-0-benzoyl-2-deoxy-D-riboses  and  Certain  Other  Derivatives. 
J.  Am.  Chem.  Soc.  82:  3425-3l<28,  I96O. 

Ness,  R.  K.  and  Fletcher,  H.  G. ,  Jr.:   2-Deoxy-D-ribose.   IV.  A  Direct 
Synthesis  of  2'-Deoxyadenosine  and  Its  Anomer  Through  2-Deoxy-D-ribose 
Derivatives.  J.  Am.  Chem.  Soc.  ^:  343^-3436,  I96O. 

MacDonald,  D.  L.  and  Fletcher,  H.  G.,  Jr.:  The  Synthesis  of  2-Deoxy-D- 
ribofuranose  1-Phosphate.  J.  Am.  Chem.  Soc.  82:  I832,  I96O. 

Pedersen,  C.  and  Fletcher,  H.  G. ,  Jr.:  2-Deoxy-D-ribose.  V.  Synthesis 
of  the  Two  Anomeric  9-(2-Deoxy-D-ribofuranosyl) -adenines  through  5-0- 
Benzoyl-2-deoxy-D-ribose  Diisopropyl  Dithioacetal.  J.  Am.  Chem.  Soc. 
82:  5210-5211,  i960. 

Pedersen,  C.  and  Fletcher,  H.  G. ,  Jr. :  The  Reaction  of  Ethyl  5-0-Benzoyl- 
1-thio-P-L-arabinoside  with  Silver  Benzoate  and  with  Mercuric  Acetate. 
J.  Org.  Chem.  26:  000,  I96I.  In  press. 

Wood,  H.  B.  Jr.  and  Fletcher,  H.  G.,  Jr.:  2-Deoxy-D-ribose.  VI.  The 
Preparation  of  Derivatives  of  3-Deoxy-D-ribo-bexonic  Acid  and  3-Deoxy- 
D-arabino-hexonic  Acid  Therefrom.  Some  Observations  on  the  Kiliani 
Synthesis.  J.  Org.  Chem.  26:  000,  I96I.  In  press. 

Barker,  R.:  The  Preparation  of  Acetylated  Aldonic  Acids.  J.  Org.  Chem. 
25:  1670,  i960. 

Honors  and  Awards  relating  to  this  project:  None 
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Project  Title:  Higher-Carbon  Sugars,  Anhydro  Svigars,  Amino  Sugars,  Sugar 
Alcohols,  and  their  Derivatives 

Principal  Investigator:  Kelson  K.  Richtmyer 

Other  Investigators:  Hans  Helmut  Baer  (V.S.)>  Hugo  H.  Sephton  (V.S.)^ 

Emmanuel  Zissis,  John  T.  Sipes,  Edward  Tracy- 
Cooperating  Units:  None 

Man  Years  (calendar  year  I96O): 
Total:  6-1/3 
Professional:  k 
Other:   2-1/3 

Project  Description: 

Objectives;  To  evolve  generalizations  relating  to  the  physical  and 
chemical  properties  of  the  groups  of  substances  named  in  the  project  title 
to  their  configurations  and  conformations. 

Methods  Employed  and  Major  Findings:   In  continuation  of  our  examina- 
tion of  the  higher-carbon  sugars  in  the  avocado  and  Sedum  species  we  have 
found  that,  in  addition  to  the  D-glycero-D-manno-octulose  reported  earlier, 
the  avocado  contains  a  second  octulose  and  also  two  nonuloses  (as  shown  by 
their  degradation  with  two  molecular  equivalents  of  lead  tetraacetate  to 
yield  D-arabinose  and  two  different  hexoses,  respectively).  The  Sedum 
extracts  also  appear  to  contain  a  second  octulose  and  the  same  two  nonu- 
loses (as  determined  by  paper  chromatographic  examination).  We  hope  to 
complete  the  final  steps  in  the  separation,  purification,  characteriza- 
tion, and  identification  of  these  new  higher-carbon  ketoses  in  the  near 
future.  The  syntheses,  for  pxirposes  of  comparison,  of  the  known  D-glycero- 
D-manno-octulose  and  of  the  previously  unknown  D-glycero-D-ido-  and  D- 
glycero-D-talo-octuloses  have  been  nearly  completed. 

Eairlier  work  in  this  Laboratory  has  shown  that  D-arabinitol  condenses 
with  aldehydes  to  yield  1,3-  hut  not  3^5-cyclic  acetal  derivatives.  From 
these  results  and  from  theoretical  considerations.  Dr.  Allan  B.  Foster,  of 
the  University  of  Birmingham,  England,  has  predicted  recently  that  p-sedo- 
heptitol  (D-glycero-D-gluco-heptitol)  would  condense  with  aldehydes  to 
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fonn  first  the  2,4-  rather  than  the  4,6-cyclic  acetal  (the  empirical  rules 
cannot  distinguish  between  these  two  possibilities),  and  that  the  final 
product  would  be  the  1,3:2,4: 5, 7-tricyclic  acetal.   In  a  collaborative 
project  with  Dr.  Foster  we  have  prepared  the  tri-0-methylene  derivative 
of  p-sedoheptitol  and  have  proved  its  structure  to  be  1,3:2, 4:5, 7-tri-O- 
methylene-D-glycero-D-gluco-heptitol  as  predicted.  ~ 

The  initiation  of  studies  on  amino  sugars  has  resulted  in  the  further 
development  of  a  novel  method  of  synthesis  of  3-£™iiio-3-deoxy  sugars  that 
was  originated  by  H.  H.  Baer  and  the  late  H.  0.  L.  Fischer.  The  method 
consists  in  the  condensation  of  nitromethane  with  the  dialdehyde  produced 
by  the  periodate  oxidation  of  a  suitable  glycoside,  followed  by  catalytic 
hydrogenation  of  the  resiilting  3-iii'tro-3-deoxy  glycoside.  Thus,  it  was 
possible  to  synthesize,  readily  and  in  good  yield,  a  methyl  3-aJOino-3- 
deoxy-P-D-hexopyranoside ,  and  to  prepare  from  it  the  corresponding  3- 
amino-3-deoxy-D-hexose,  which  was  shown  to  be  identical  with  kanosamine, 
a  sugar  moiety  of  the  antibiotic  kanamycin.  An  independent,  confirmatory 
proof  of  structure  of  kanosamine  as  3-ajnino-3-deoxy-D-glucose  has  also 
been  achieved  in  this  Laboratory.   A  further  extension  of  this  novel  ad- 
dition of  nitromethane  to  the  dialdehyde  from  sedoheptulosan  has  produced 
4-nitro-4-deoxy  and  4-amino-4-deoxy  heptulosans;  from  these  we  hope  to 
obtain  representatives  of  the  hitherto-imknown  4-amino-4-deoxyhept\iloses. 

Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute; The  isolation  in  this  Laboratory  of  the  first  octulose  from  plant 
material  (avocado  and  Sedum)  has  recently  found  a  parallel  in  G.  R. 
Bartlett  and  G.  Bucolo's  detection  of  an  unknown  octulose  in  animal  tissue, 
namely,  human  red  blood  cells  [Biochem.  Biophys.  Research  Communs.,  3>  474 
(I960)]. 

Proposed  Coxirse  of  Project:   Continuation  of  these  and  closely  related 
projects. 


Part  B  included:  Yes 
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Part  B   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Charlson,  A.  J. ,  and  Richtmyer,  N.  K. :  The  Isolation  of  an  Octulose  and 
an  Octitol  from  Natural  Sources:  D-glycero-D-manno-Octulose  and  D- 
erythro-D-galacto-Octitol  from  the  Avocado  and  D-glycero-D-manno- 
Octulose  from  Sedum  Species.  J.  Am.  Chem.  Soc.  82:  3428-3434,  I960. 

Baer,  H.  H. :  Cyclisationen  von  Dialdehyden  mit  Nitromethan,  IV.  Zteir- 
stellung  von  3-Nitro-  und  3-Ainino-3-desoxy-methyl-p-D-hexopyranosiden. 
Chem.  Ber.  December,  I96O.   In  press. 


Honors  and  Awards  relating  to  this  project:  None 
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Project  Title:   Selective  Cleavage  of  Peptide  Bonds  by  Chemical  Agents 

Principal  Investigator:   Bernhard  Witkop 

Other  Investigators:   W.  B.  Lawson  (left  5/2/60)^  Erhard  Gross,  and 
Calvin  Foltz  (started  5/1/6O) 

Cooperating  Units:   T.  Viswanatha,  WIAI-ID-LPT-    ,   C.  B.  Anfinsen, 

IIHI-LCBl-    ,   and  William  H.  Stein,  The  Rockefeller 
Institute 

Maa  Years  (calendar  year  I96O): 
Total:   2-1/3 
Professional:   2 
Other:   I/3 

Project  Description: 

Objectives:   1)  To  investigate  and  apply  methods  for  the  selective 
cleavage  of  peptide  bonds.   2)  to  selectively  modify  or  cleave  peptides, 
proteins  and  enzymes  in  order  to  correlate  structural  elements  with 
physiological  or  enzymatic  activity. 

Methods  Employed:   Special  organic  oxidizing  agents,  such  as  K-bromo- 
succinimide,  N-bromoacetamide ,  sodium  periodate  and  others,  are  capable 
of  selectively  attacking,  e.g. ,  tryptophan  residues  in  peptides  and  pro- 
teins.  In  situ  observation  of  the  changes  in  absorption  by  differential 
ultraviolet  spectrophotometry  in  a  self-recording  instrument  is  used  to 
follow  this  reaction.   DNP  and  Stein  and  Moore  techniques,  regular  pajjer 
and  thin-layer  as  well  as  gas  chromatography,  raoltiple  countercurrent 
distribution  techniq_ue  and  electrophoresis  serve  for  the  identification 
of  cleavage  products. 

Major  Findings:   A  new  chemical  cleavage  of  peptide  bonds  next  to 
methionine  has  been  developed  into  a  remarkably  selective  tool  for  the 
non-enzymatic  cleavage  of  enzymes  and  proteins.  The  initial  version  of 
this  cleavage  was  the  addition  of  iodoacetamide  to  methionine  model  pep- 
tides yielding  carboxymethylsulfonium  intermediates  whose  formation  was 
followed  by  titration  of  iodide  ion  in  the  pH-stat.   Short  warming  of 
aq_ueous  solutions  of  these  sulfonium  salts  led  to  liberation  of  the  amino 
acids  next  to  the  methionine  in  yields  of  up  to  85^.  Following  this 
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development J  the  use  of  cyanogen  bromide  was  tested  and  found  to  be  a 
remarkable  improvement  of  this  method  inasmuch  as  it  led  to  cyanosul- 
fonium  intermediates  which  broke  dosni  at  room  temperature  with  partici- 
pation of  the  C-raethionyl  peptide  group  to  yield  homoserine  lactone  and 
a  new  N-terminal.   This  method  applied  to  ribonuclease  has  led  to  a  new 
fragment  which  is  considered  the  decaheptapeptide  resulting  from  the 
cleavage  next  io  methionine.  This  release  of  a  new  chemical,  tail  peptide 
differing  by  the  lack  of  three  amino  acids  from  the  subtilisin-produced 
tail  peptide  makes  it  possible  to  probe  into  the  nature  of  the  discrep- 
ancy concerning  the  primary  sequence  in  the  area  between  amino  acids  10 
and  25  of  ribonuclease.   This  area  has  been  associated  with  the  active 
center  of  the  enzyme.   The  localization  and  elucidation  of  the  nature  of 
any  lability  leading  to  peptide  isomerism  or  interchange  in  this  area  is 
of  signal  interest.   In  extension  of  .the  investigation  on  the  action  of 
U-bromosuccinimide  on  trypsinogen  and  its  derivatives  T.  Viswanatha  and 
W.  B.  Lawson  made  a  similar  study  of  the  action  of  ll-bromosuccinimide  on 
chymotrypsin.   The  reaction  of  chymotrypsin  with  W-bromo^uccinimide  has 
been  investigated.   In  addition  to  the  oxidation  of  tryptophan  residues, 
one  of  the  tyrosine  residues  is  also  affected  by  treatment  of  the  protein 
with  K-bromosuccinlmide  under  the  conditions  employed  in  these  studies. 
The  oxidative  modification  of  the  enzyme  resulted  in  a  loss  of  catalytic 
activity  toward  typical  protein  and  ester  substrates.   Such  partially 
inactivated  enzymes  still  possessed  the  ability  to  incorporate  phosphoryl 
or  acetyl'  groups  upon  reaction  with  diisopropyl  phosphofluoridate  or  p- 
nitrophenylacetate  respectively.  Oxidation  of  chymotrypsin  by  IffiS  seems 
to  retard  both  the  acylation  and  deacylation  steps  in  the  catalytic 
process  without  affecting  the  Kjj,  value.  A  direct  measurement  of  the  rate 
of  deacetylation  of  C-'-^-acetyl  chjonotrypsin  has  been  made. 

Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute: There  is  a  great  need  for  mild  and  selective  methods  for  the  con- 
trolled and  systematic  degradation  of  proteins.   These  chemical  "pepti- 
dases" in  many  ways  promise  to  be  superior  to  all  kno^m  enzymes  custo- 
marily used  for  breakdovm  and  struct\iral  investigation  of  proteins. 

Proposed  Course  of  Project:  After  initial  attempts  to  effect  cleav- 
age of  the  limited  number  of  methionyl  peptide  bonds  present  in  salt- 
soluble  collagen.  Dr.  C.  F.  Foltz  has  turned  his  attention  to  selective 
cleavage  and  modification  of  the  new  protease  nagarse,  which  can  be  ob- 
tained as  a  pure  crystalline  enzyme  of  molecular  weight  ca.  30,000  in 
which  all  the  k   sulfur  atoms  present  are  in  the  form  of  methionine. 
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Publications  other  than  abstracts  from  this  project: 

PatchornilC;  A.  ^  Lauson,  W.  B.  ,  and  Uitkop,  B.  :   The  Bromination  of 
Indoles  in  Aqueous  and  Nonaq_ueous  Media.   The  Bull,  of  the  Research 
Council  of  Israel,  ^^,   61-62,   I96O. 

Viswanatha,  T. ,   Lawson,  W.  B. ,  and  Witkop,  B. :   The  Action  of  IJ-Bromo- 
succinimide  on  Trypsinogen  and  its  Derivatives.   Biochim.  Biophys. 
Acta  kO,   216-224,  I96O. 

Lawson,  W.  B. ,  and  Witkop,  B. :  A  Simple  Method  for  the  Preparation  of 
Oxindoleacetic  and  Propionic  Acids  from  the  Parent  Indoles.  J.  Org. 
Cheno.  25,  000,  I96O.   In  press. 

Lawson,  W.  B. ,  and  Witkop,  B. :   Cleavage  of  Ethyl  2,2-Diphenyl-it- 
pentenoylglycinate  by  Oxidants  and  Acids.   J.  Org.  Chem.  25,  000, 
i960.  In  press. 

Patchornik,  A.,  Lawson,  W.  B. ,  Gross,  E. ,  and  Witkop,  B. :   The  Use  of 
W-Bromosuccinimide  and  N-Bromoacetamide  for  the  Selective  Cleavage 
of  C-Tryptophyl  Peptide  Bonds  in  Model  Peptides  and  Glucagon.   J.  Am. 
Chem.  Soc.  82,  5923-592?,  I96O. 

Lavson,  W.  B. ,  Patchornik,  A.,  and  Witkop,  B. :   Substitution,  Oxidation 
and  Group  Participation  in  the  Bromination  of  Indoles.   J.  Am.  Chem. 
Soc.  82,  5918-5923,  i960. 


Honors  and  Awards  relating  to  this  project:  None 
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Project  Title:  Studies  on  Gramicidin  A 

Principal  Investigator:   Beriihard  Witkop 

Other  Investigators:   Erhard  Gross  and  Shin-ichi  Ishii  (arrived  7/13/6O) 

Cooperating  Units:   Ljinan  C.  Craig,  Rockefeller  Institute,  and 
Schering  Corporation,  Bloomfield,  N.  J. 

Man  Years  (calendar  year  I96O): 
Total:   1 
Professional:   2/3 
Other:  I/3 

Project  Description: 

Objectives:  Elucidation  of  the  structure  of  Gramicidin  A,  a 
commercial  antibiotic  widely  used  for  topical  application. 

Methods  Employed:   Gramicidin  A,  because  of  its  nature  as  a  cyclic 
peptide  and  the  contents  of  unnatural  D-araino  acids,  cannot  be  split 
enzymatically,  hydrolysis  by  acid  is  inadvisable  because  the  antibiotic 
contains  over  to^  of  tryptophan,  and  hydrolysis  by  base  is  unfeasible 
because  it  leads  to  racemization  of  the  amino  acids.   The  novel  cleavage 
of  tryptophyl  peptide  bonds  by  W-bromosuccinimide  or  periodate  in 
aq_ueous  alcoholic  solution  has  been  applied  to  this  problem  of  more  than 
20  years  standing. 

Major  Findings:   Under  these  conditions  gramicidin  vas  cleaved  into 
a  water-soluble  fragment,  mainly  ethanolamine ,  and  at  least  3  less  water- 
soluble  ninhydrin-positive  fragments  which  were  purified  by  counter- 
current  distribution  in  a  number  of  solvent  systems.   The  so-called 
fragment  1  represents  the  first  major  peak  in  the  organic  phase  resulting 
from  countercurrent  distribution.  Dinitrophenylation  of  fragment  1 
shovred  its  molecular  weight  to  be  1,900,  which  suggests  that  this  frag- 
ment contains  the  major  part  of  the  amino  acids  present  in  gramicidin 
(molecular  weight  probably  close  to  2,000).  Since  no  intact  indole 
nucleii  are  present  in  fragment  1,  labile  spirooxindolelactone  elements 
must  be  present.  This  was  borne  out  by  the  formation  of  2  new  compo\inds 
on  exposure  of  fragment  1  to  the  action  of  mild  base  and  by  the  observa- 
tion of  two  IMF  derivatives  in  addition  to  the  major  DNP-leucine..  The 
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two  additional  DKP  derivatives  turned  out  to  be  non-identical  with  any 
of  the  known  DIJP  amino  acids.   They  are  considered  to  be  JMB   derivatives- 
of  (5-bromo)spirodioxindolepropiolactone. 

Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute:  The  structiire  and  selective  modification  of  a  cyclic  peptide 
having  features  as  unusual  as  gramicidin  is  a  problem  of  fundamental 
interest  which  is  expected  to  throw  light  on  the  subtle  chemistry  of 
cyclic  peptides  and  the  possibility  of  transannular  effects  in  such 
rings. 

Proposed  Course  of  Project:   One  of  the  major  difficulties,  namely, 
the  preparation  of  sufficient  pure  starting  material,  has  been  solved 
through  cooperation  with  the  Sobering  Laboratories  in  Bloomfield,  N.  J., 
who  placed  at  oiir  disposal  their  giajit  '^OO-vmlt   countercurrent  distribu- 
tion machine.   The  next  problem,  namely,  the  separation  of  fragments 
obtained  by  non-enzymatic  cleavage,  will  be  solved  in  cooperation  with 
Dr.  L.  C.  Craig,  who  promised  his  advice  and  equipment  with  regard  to 
purification  by  countercurrent  methods.  The  full  elucidation  of  the 
structure  of  gramicidin  poses  a  problem  of  similar  complexity  as  that 
of  the  stru.cture  of  bacitracin.   Its  solution  is  being  actively  pursued. 
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Project  Title:   Selective  Cleavage  of  the  Hydroxyproline  Peptide  Bond  in 
Model  Peptides  and  in  Collagen,  and  Studies  on  the 
Mechanism  of  Participation  of  Amide  Bonds  in  Allyl-  and 
Vinylglycine  Peptides 

Principal  Investigator:  Bernhard  Witkop 

Other  Investigators:   John  Francis  (left  9/30/6O), 

Kobuo  Izumiya  (arrived  9/2/6O),  and 
Calvin  Foltz  (arrived  5/1/6O) 

Cooperating  Units:   K.  A.  Piez,  NIDR-LB-    ,    and  Wm.  F.  Harrington, 
formerly  IIHI,  now  Johns  Hopkins  University 

Man  Years  (calendar  year  I96O): 
Total:   1-1/3 
Professional:  1 
Other:  I/3  .  ' 

Project  Description: 

Objectives:  To  find  a  selective  chemical  method  for  the  cleavage 
of  peptide  bonds  next  to  hydroxj'araino  acids,  especially  hydroxyproline, 
vith  a  view  of  applying  such  cleavage  methods  to  the  structural  elucida- 
tion of  collagen  and  gelatin;  to  illustrate  the  mechanism  of  oxidative 
or  acid-catalyzed  cleavage  of  peptides  containing  3,7 -  or  7,5-double 
bonds  capable  of  forming  7-  and  5 -lactones. 

Methods  Employed:   It  has  been  observed  previously  in  this  labora- 
tory that  suitable  O-tosyl  hj'droxy-L-proline  derivatives,  in  the  presence 
of  proton  acceptors,  undergo  an  internal  elimination  reaction  with  the 
formation  of  allo-hydroxy-L-proline  lactones.   The  principle  of  this  re- 
action is  no\J  being  applied  to  suitable  hydroxyproline  peptide  deriva- 
tives. 

Major  Findings:  A  large  number  of  hydroxyproline  peptides  have 
been  synthesized  containing  carbobenzyloxy,  benzoyl,  and  tosyl  groups  as 
N-protective  functions  and  tosyl  and  mesyl  groups  as  O-protective  func- 
tions.  Intramolecular  participation  of  the  peptide  bond  with  displace- 
ment of  tosylate  or  methylate  anion  has  not  been  observed  under  a  great 
variety  of  conditions.  The  tertiary  amide  bond  of  acylated  proline  and 
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hydroxyproline  peptides  has  been  found  to  be  cleaved  to  some  extent  by 
a  large  excess  of  sodamide  in  liquid  ammonia.  However,  this  cleavage 
was  not  significant  enough  to  be  used  for  the  dissection  of  the  anti- 
biotic diacetyl-grajnicidin-S  into  2  symmetrical  moieties  with  W-terminal 
proline.   Poly-L-proline  was  not  cleaved  by  sodamide  in  liquid  ammonia, 
presumably  due  to  its  insolubility  in  this  mediiim. 

The  effect  of  agents  that  cleaved  the  methionine  peptide  bonds  in 
model  peptides  when  applied  to  salt-soluble  collagen,  was  studied  by 
viscosyrametry  and  rotatory  dispersion  measurements.   These  experiments 
were  handicapped  by  extensive  gelling  phenomena.   A  great  number  of 
peptides  derived  from  allyl-  and  methallylglycine  have  been  made  and 
their  cleavage  with  Il-bromosucclnimide  has  been  investigated.   Quanti- 
tative data  have  been  related  to  the  nature  of  the  N-terminal,  the 
nature  and  pH  of  the  buffer  or  solvent  system,  and  the  amount  of  cleaving 
agent,  usually  ll-bromosuccinimide.   In  contrast  to  these  open  unsaturated 
peptides,  the  comparable  glycine  peptides  of  cyclic  analogs,  namely, 
derivatives  of  3j^-d.ehydroproline  and  baikiain,  did  not  liberate  glycine 
on  treatment  with  IffiS. 

Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute:  Collagen,  the  quantitatively  most  important  protein  in  mammals, 
is  characterized  by  its  high  content  of  hydroxyproline,  an  amino  acid 
occurring  more  or  less  exclusively  therein.   A  special  method  for  the 
selective  cleavage  of  the  hydroxyproline  peptide  bonds  is  highly  desir- 
able, since  most  enzymes  fail  to  cleave  this  bond.   Such  a  method  would 
make  it  easier  to  find,  as  has  been  reported,  the  areas  of  high  hydroxy- 
proline  content  in  the  peptide  strands  of  collagen  (Grassmann),  and" 
would  facilitate  the  analysis  of  urinary  hydroxyproline  peptides  observed 
in  some  patients  with  metabolic  disturbances  (Dr.  F.  Irreverre). 

Proposed  Course  of  Project:  \lh±le   feasible  methods  for  the  chemical 
cleavage  of  proline  and  hydroxyproline  peptides  have  so  far  not  been 
developed,  further  experiments  along  these  lines  have  to  be  continued 
and  insight  into  the  question  of  formation  of  bicyclic  iminolactones 
from  tosyloxyprolyl  peptides  has  to  be  gained. 


Part  B  included:  Wo 
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Part  A 


Project  Title:   Mechanism  and  Manipulation  of  the  Biosynthesis  of  Free 
and  Bound  Hydrox;>'proline  and  the  Gro-irth  Regulation  of 
Animal  and  Plant  Cells  by  Derivatives  of  Natural  Hydroxy- 
amino  Acids 

Principal  Investigator  (at  WIAI-D):   Bernhard  Witkop 

Other  Investigators:   A.  V.  Robertson  and  lu    Izumiya  (arrived  9/2/6O) 

Cooperating  Units:   Edward  Katz  (Special  Fellow)  and  S.  Udenfriend, 

Iffll-LCB-    ,  Prof.  F.  C.  Steward;  Cornell  Univ., 
A.  Berger  (previously  in  Dr.  Anfinsen's  laboratory, 
now  at  Weizmann  Institute  of  Science),  and  the 
.  Mferck  Institute  of  Tlierapeutic  Research  (Dr.  Max 
Tishler) 

Man  Years  (calendar  year  I96O): 
Total:   1-2/3 
Professional:  I-I/3 
Other:  I/3 

Project  Description: 

Objectives:   At  the  outset  of  this  expansive  investigatio:ii  the 
following  limited  objectives  will  be  pursued:  l)  The  synthesis  and 
resolution  of  3j^-d.ehydroproline.   2)  The  reductive  tritiation  of  de- 
hydroproline  to  3 A-sS-L-proline.   3)  The  sjTithesis  of  other  specific 
(diastereo)  isomers  of  3->  ^- ,   and  3 A-'ti'i'tia-'bed  prolines  and  hydroxy- 
prolines,  h)   Synthesis  of  3,<^-epoxy-L-proline  as  a  key  intermediate 
for  further  functional  derivatives  of  proline  having  two  hydroxyl, 
fluoro,  etc.  groups.   5)  Synthesis  of  polydehydro-L-proline  as  a  further 
model  for  the  existence  or  nonexistence  of  metastable  rotational  isomers 
analogous  to  polyproline.   6)  To  determine  the  influence  of  hydroxyamino 
acids  and  their  analogs  as  possible  regulators  or  inhibitors  of  celliilar 
growth . 

Methods  Employed:  Special  reduction  of  pyrrole-2-carboxamide  fol- 
lowing E.  Fischer's  method  yielded  3;^-d.ehydro-DL-proline  and  its  amide 
whose  structures  were  proven  by  reduction  to  proline  and  prolamide  and 
by  ffl^IR  spectroscopy.   Resolution  of  the  amide  was  achieved  by  chemical 
and  enzymatic  methods.  Reductive  tritiation  and  deuteration  were  used. 
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A  plaxit  tissue  culture  system  has  been  used  to  detect  the  groirth 
inhibitory  effect  of  a  niimher  of  nitrogenous  compounds  and  to  determine, 
where  possible,  the  metabolic  site  at  which  the  substance  in  question 
may  act.   The  tissue  culture  system  consisted  of  explants  from  carrot 
root  stimulated  to  grow  by  cell  division.  This  was  suggested  because 
the  cells  which  grow  in  this  way  synthesize  a  protein  in  which  proline 
is  incorporated  and  which  is  unusually  rich  in  hydroxyproline  for  a 
plant  protein. 

At  the  moment  the  actinomycin-producing  strain  of  Streptomyces 
griseus  is  the  only  microorganism  kno'tm  to  incorporate  unusual  and 
foreign  amino  acids  such  as  ketoproline,  pipecolic  and  azetidinecarbox- 
ylic  acids  into  the  peptide  part  of  the  antibiotic  which  it  elaborates. 
Dr.  Katz  is  the  only  expert  knotm  or  available  at  the  present  time  who 
masters  the  technique  of  following  the  incorporation  of  these  foreign 
amino  acids  and  of  the  analysis  of  the  resulting  modified  actinomycins. 

Major  Findings:   The  resolution  of  3 A-dehydro-DL-proline  amide  by 
hog  kidney  amidase  activated  by  magnesiiim  ions  yielded,  under  optimal 
conditions,  close  to  80^  of  3A-^ehydro-L-proline  with  an  approximate 
optical  rotation  of  [a]^   -400°,  i.£- ,  close  to  5  times  that  of  L-proline. 
This  resolution  is  the  first  combination  of  an  enzymatic  resolution  with 
an  asj-mmetric  transformation  of  an  optical  labile  amino  acid  derivative. 
Such  a  case  has  often  been  discussed  in  connection  with  the  origin  of  the 
first  optically  active  material  in  natirre  and  the  production  of  living 
matter  without  accumulation  of  unnatural  isomers.  The  model  case  of  the 
resolution  of  dehydroproline  amide  in  principle  gives  a  satisfactory 
answer  to  this  problem  of  long  standing. 

L-Proline-3,4-H-^  has  been  synthesized  and  made  available  for  meta- 
bolic studies  in  cooperation  with  Ilei?  England  Nuclear  Corporation. 

L-Dehydroproline  is  the  most  active  antimetabolite  of  proline  so  far 
tested  in  the  carrot  tissue  culture  system.  At  a  concentration  of  1  part 
in  1  million  it  still  exercises  a  notable  effect  on  the  rate  of  cell 
division  in  carrot  plant  cells. 

The  incorporation  of  3 ;^-<iehydro -L-proline  into  the  peptide  moiety 
of  actinomycin  has  been  followed  by  E.  Katz  in  the  Streptomyces  griseus 
system.   By  circular  paper  chromatography  a  different  pattern  of  actino- 
mycin congeners  was  observed  which  may  point  to  shift  of  synthesis  to 
knoim  actinomycins  usually  observed  only  in  trace  quantities  or  may  mean 
incorporation  of  dehydroproline  into  the  peptide  part.   This  question  is 
imder  investigation. 

One  epoxide  isomer  and  one  glycol  derivative  of  3 ^ ^-dehydroproline 
has  been  made.   If  such  compoiinds  can  be  incoarporated  into  actinomycin 
it  may  be  possible  to  lower  the  toxicity  and  obtain  antibiotics  or  car- 
clirostatics  of  greater  therapeutic  usefulness. 
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In  collaboration  with  Dr.  A.  Berger;,  poly-3,4-dehydro-L-proline 
has  been  made  by  polymerization  of  ll-carboxy-3,4-dehydro-L-proline 
anhydride.   This  polymer  was  foimd  to  have  a  mutarotation  in  formic 
acid  going  from  [q:]d  -570°  to  -970"  in  the  course  of  I5  minutes.  The 
"residue  rotation"  was  determined  with  I]-benzyloxycarbonyl-3,4-dehydro- 
L-prolylglycine  ethyl  ester  and  found  to  be  [a]^'^   -2.02" ,   which  leads 
to  a  calculated  rotation  of  dehydroprolyl  residue  of  -710°.  These  con- 
figurational  changes  of  polydehydro-L-proline  compare  favorably  with 
the  changes  observed  with  poly-L-proline  which  has  properties  consistent 
with  a  rigiit-handed  helical  configuration  in  solution. 

Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute:  The  mechanism  of  hydroxylation  of  proline  and  its  incorporation 
into  protein,  be  it  the  peptide  part  of  actinomycin  or  the  peptide 
strands  of  collagen,  is  of  fundamental  interest.  The  topical  applica- 
tion of  antimetabolites  of  hydroxyproline  and  the  directed  biosynthesis 
of  carcinostatic  actinomycins  of  low  toxicity  possess  therapeutic 
interest. 

Proposed  Course  of  Project:   New  derivatives  of  hydroxyproline  will 
be  synthesized  and  cross -labeled  with  C-^^  and  tritium  for  metabolic 
studies. 


Part  B  included:   Yes 
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Publications  other  than  abstracts  from  this  project: 

Robertson,  A.  V. ,  and  Witkop,  B. :  The  Combination  of  Enzymatic  Resolution 
vith  Asymmetric  Transformation  of  the  Optically  Labile  3,4-Dehydropro- 
line  Amide.   J.  Am.  Chem.  Soc.  82,  5OO8-5OO9,  I96O. 


Honors  and  Awards  relating  to  this  project:   None 
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Project  Title:  Studies  on  Catechol -0-methyltransf erase 

Principal  Investigator:   Bernhard  Witkop 

Other  Investigators:   John  Daly 

Cooperating  Units:   J.  Axelrod^  NBHI-RES- 

Man  Years  (calendar  year  I96O): 
Total:   1/3 
Professional:   1/3 
Other:  0 

Project  Description: 

Objectives:   As  sho^vn  by  Axelrod  and  coworkers,  the  enzyme  0-methyl- 
transferase  is  primarily  responsible  for  the  metabolism  of  epinephrine 
and  norepinephrine.   Because  of  the  great  interest  in  catechols  and  in 
their  metabolism  a  thorough  study  of  the  action  of  0-methyltransferase  on 
a  variety  of  substrates  has  been  initiated. 

Methods  Employed:   The  enzymatic  0-methylation  and  0-demethylation 
of  various  catechol  and  pyrogallol  derivatives  has  ''oeen   studied  in  vivo 
and  in  vitro  and  the  products  investigated.   Hew  s.ynthetic  methods^ 
degradative  techniques  and  use  of  modern  instrumentation  such  as  gas 
chromatography  and  nuclear  magnetic  resonance  have  been  applied  with 
advantage  in  this  investigation. 

Major  Findings;   The  dynamic  aspects  of  enzymatic  0-methylation  and 
demethylation  of  catechols  in  vitro  and  in  vivo  have  been  studied  care- 
fully.  Methods  for  the  synthesis  of  ^-0-methyladrenalone,  p-0-methyl- 
arterenone,  m-0-methyladrenalone  and  m-0-methylarterenone  have  been  de- 
veloped.  The  formation  of  p-0 -methylated  compo\inds  in  vitro  with  0- 
methyltraasf erase  has  been  demonstrated  for  epinephrine,  norepinephrine, 
arterenone  and  adrenal  one.   The  methylation  in  vivo  of  3  ^  ^-d-ihj'droxy- 
acetophenone,  arterenone  and  adrenalone  was  sho^m  to  occur  at  the  para 
as  well  as  meta  positions.  An  unprecedented  conversion  of  the  isomeric 
m-  and  p-methyl  ethers  of  3^^-(iihydroxyacetophenone  was  observed  in  rats, 
the  p-isomer  undergoing  this  interconversion  to  a  greater  extent.  Enzy- 
matic demethylation  studies  in  vitro  showed  that  in  most  cases  the  p-0- 
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methyl  ethers  were  demethylated  more  rapidly  than  the  m-isomers.  No 
formation  of  paranephrine  from  epinephrine  could  te  detected  in  vivo, 
nor  vas  any  inter conversion  of  paranephrine  to  metanephrine  observed 
in  vivo. 

The  mescaline  problem  has  "been  attacked  from  two  sides,  namely 
through  study  of  the  O-dernethylation  products  from  mescaline  proper,  as 
well  as  through  the  methyl  ethers  formed  by  the  action  of  O-methyltrans- 
ferase  on  trisnorraescaline,  ^..e. ,  3;^'-,5-'trihydroxyphenethylamine.  All 
the  possible  mono-  and  di-0-methyl  ethers  of  trihydroxyphenylethylamine 
have  been  siymthesized  and  identified  with  the  amines  obtained  from  the 
enzymatic  reaction  mixtures.   Pharmacological  studies  have  been  initiated 
through  the  cooperation  of  the  Sterling-Winthrop  Research  Institute  and 
the  laboratories  of  Hoffmann-La  Roche  in  Basel,  Switzerland.   Both  re- 
search organizations  have  placed  at  our  disposal  significant  amoujats  of 
these  new  derivatives  of  mescaline  including  mescalol  and  mescalone. 

Significance  to  bio-medical  research  sjid  the  program  of  the  Insti- 
tute:  The  biosynthesis,  transport,  storage  and  release  of  catecholamines 
and  their  kno^m  and  unknoim  metabolic  transformation  products  occupy  a 
central  role  in  all  current  concepts  of  the  biochemistry  of  mental  health 
and  disease. 

Proposed  Course  of  Project:   Studies  with  mescaline  labeled  both 
with  C-'-^  and  tritiuju  will  make  possible  metabolic  studies  in  intact 
animals.   Although  in  vitro  studies  have  shoi/n  that  neutral  0 -methyl 
ethers  of  catechol  and  pyrogallol  amines  are  not  formed  enzymatically, 
this  question  must  be  studied  carefully  in  vivo  before  it  can  be  answered 
in  the  negative. 


Part  B  included:   Yes 
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FHS-WIH 
Individual  Project  Report 
Calendar  Year  I96O 

Peirt  E   Honors^  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Daly,  J.  W. ;  A^xelrod,  J. ,   and  Witkop,  B.  :   Diymaraic  Aspects  of  Enzymatic 
0-Methylation  and  -Demethylation  of  Catechols  in  Vitro  and  in  Vivo. 
J.  Biol.  Chem.  235:  II55-II59,  I96O. 


Honors  and  Awards  relating  to  this  project:  None 
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Part  A 


Project  Title:   Studies  on  Monamine  Oxidase 

Principal  Investigator  (at  NIAt'E)):   Bernhard  Witkop 

Other  Investigators:   Yuichi  Kanaoka 

Cooperating  Units:   S.  Udenfriend^  H.  Weisshach,  and  T.  E.  Smith, 
irai-LCB- 

Man  Years  (calendar  year  I96O): 
Total:   1 
Professional:  2/3 
Other:  I/3 

Project  Description: 

Objectives:   Manometric  and  isolation  methods  for  the  assay  of  mon- 
amine oxidase  are  cumbersome  and  should  be  replaced  by  spectrophotometric 
methods.   The  mechanism  of  the  enzymatic  degradation  of  amines  by  monamine 
oxidase  remains  to  be  clarified. 

Methods  Employed:  The  underlying  idea  for  the  selection  of  a  proper 
substrate  was  the  introduction  of  a  reactive  ortho  substituent  such  as  a 
primary  amino  group  into  a  suitably  substituted  primary  amine  in  which 
the  initially  formed  imine  or  aldehyde  would  undergo  self-condensation  to 
a  stable  product. 

Suitable  derivatives  of  tryptamine,  tyramine  and  benzylamine,  such 
as  the  secondary  and  tertiary  amines,  hydroxylamines  and  amine  oxides 
have  been,  or  are  being,  synthesized  in  order  to  find  the  limitations  of  - 
the  specificity  of  the  fairly  unspecific  monamine  oxidase. 

Major  Findings:   The  use  of  kynuramine  as  a  substrate  for  the  rapid 
spectrophotometric  assay  of  monamine  (but  not  diamine)  oxidase  has  now 
been  published  and  has  been  accepted  in  many  research  laboratories  and 
clinical  institutions  as  the  best  method  for  the  routine  assay  of  monamine 
oxidase . 

In  extension  of  this  work  the  lower  homolog  of  kynuramine,  i.e., 
norkynuramine  or  o-cD-diaminoacetophenone,  dihydronorkyntirajiiine  and  di- 
hydrokynuramine  have  all  been  synthesized  and  found  to  be  oxidized  by 
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monamine  oxidase  at  rates  of  20-kO^o   compared  with  kynuramine  as  deter- 
mined manoraetrically.   In  this  enzymatic  oxidation  dihydronorkynuramine 
vras  converted  to  indigo.   This  novel  enzymatic  synthesis  of  indigo  makes 
possible  a  simple  qualitative  visual  test  for  the  detection  of  monamine 
oxidase. 

With  regard  to  mechanism  of  action  of  monamine  oxidase,  a  signifi- 
cant finding  has  been  the  observation  that  an  amine  oxidase  such  as  di- 
methyltryptamine  oxide  is  degraded  by  MAO  in  the  absence  of  oxygen. 

Significance  to  the  bio-medical  research  and  the  program  of  the 
Institute:   The  peripheral  or  central  manipulation  of  monamine  oxidase 
in  animals  and  man  produces  striking  pharmacological  effects  and  commands 
a  great  deal  of  interest  in  connection  with  the  development  of  tranquil- 
izing  and  antidepressant  drugs.   The  necessity  for  good  assay  methods  and 
a  better  understanding  of  the  mechanism  of  this  enzyme  needs  no  explana- 
tion. 

Proposed  Course  of  Project:   Comparable  to  the  recent  application  of 
deuterium  labeling  in  determining  a  certain  stereospecif icity  of  attack 
of  MAO  on  a-d-tyramine  and  a^a-d-tyramine,  stable  or  radioactive  isotopes 
will  be  used;  especially  in  connection  with  the  degradation  of  aminoxides 
by  I4A0;  which  seems  to  depend  in  a  characteristic  rate  profile  on  the 
partial  pressure  of  oxygen. 


Part  B  included:   Yes 
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Individual  Project  Report 

Calendar  Year  I96O 

Fart  B   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Weissbach,  H. ,  Smith,  T.  E.,  I&ly,  J-  W.,  Witkop,  B. ,  and  Udenfriend,  S. 
A  Rapid  Spectrophotometric  Assay  of  Monoamine  Oxidase  Based  on 
Kynuramine  Disappearance.   J.  Biol.  Chem.  23^:  II6O-II63,  I96O. 


Honors  and  Awards  relating  to  this  project:  ITone 
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1.  Chemistry 

2.  Metabolites 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  I96O 


Part  A 


Project  Title:   Studies  on  Catechol  and  Other  Pharmacodynamic  Amines 

Principal  Investigator:  Bernhard  Uitkop 

Other  Investigators:   John  Daly  and  Yuichi  Kanaoka 

Cooperating  Units:   S.  Udenfriend  and  C.  R.  Creveling,  KHI-LCB- 

Man  Years  (calendar  year  I96O): 
Total:   1-1/3 
Professional:  1 
Other:   I/3 

Project  Description: 

Olijectives:  To  establish  metabolic  parameters  for  important  endogen- 
ous hormones,  to  characterize  new  catechol  metabolites,  to  find  labile 
transformation  products  of  dopamine  and  precursors  of  norepinephrine  by 
elucidating  the  mechanism  of  its  formation. 

Methods  Employed:   Cross  labeling  of  dopamine  with  tritium  and  C 
was  used  to  follow  the  chemical  and  enzymatic  transformations  including 
the  conversion  to  noradrenaline.   Tluclear  magnetic  resonance  spectropho- 
tometry was  used  for  the  study  of  possible  subtle  tautomeric  equilibria 
of  indoleethylamines . 

Major  Findings:   l/hile  the  addition  of  water  to  the  unstable  q_uinone 
of  dopamine  follows  the  principle  of  1,4-addition,  it  has  now  been  found 
in  collaboration  with  Professor  L.  Horner  of  the  University  of  Mainz  that 
the  acid-catalyzed  addition  of  methanol  to  o-quinones,  such  as  the  one 
derived  from  dopamine ,- follows  the  1,2-principle  which,  through  a  subse- 
quent allylic  rearrangement,  leads  to  p-hydro  -  quinone  and  p-quinone 
derivatives  of  4-0-methyl-2,5-dihydroxyphenethylamine.   Tv70  of  the  three 
possible  position  isomeric  mono-0-methyl  ethers  of  the  new  dopamine 
metabolite  2,J+,5-trihydroxyphenethylaiiiine  have  been  approached  through 
difficiilt  total  synthesis. 

The  mechanism  of  the  enzymatic  hydroxylation  of  dopamine  in  the  side 
chain  by  the  enzyme  dopamine -^-oxidase  ("norepinephrine  synthetase"), 
presumably  a  mixed -function  oxidase,  involving  incorporation  of  atmos- 
pheric oxygen  into  norepinephrine,  has  been  studied  with  dopamine  and 
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tyramine  containing  two  tritium  atoms  in  the  p  position  of  the  side  chain. 
This  has  led  in  the  Laboratory  of  S.  Udenfriend  to  the  discovery  of  an 
enzyme  substrate  complex  which  partly  reverts  to  the  starting  material 
with  loss  of  tritium  activity,  partly  proceeds  to  norepinephrine  with  re- 
placement of  one  tritium  atom  by  hydroxyl.   The  measurement  of  tritium 
activity  in  the  surrounding  water  solution  offers  a  very  accixrate  method 
for  the  assay  of  dopamine -p -oxidase. 

ffi'IR  spectra  of  substituted  tryptamines  revealed  the  absence  of  tri- 
cyclic tautomers  of  the  eseroline  type. 

Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute: The  metabolic  fate  of  peripherally  and  centrally  active  biogenic 
amines  is  a  key  problem  in  modern  neurochemistry  and  psychopharmacology. 

Proposed  Course  of  Project:   Acetanilide  containing  a  tritium  atom 
in  the  para  position  has  been  synthesized  by  Raney  nickel-catalyzed 
h;;>'drogenolysis  of  p-tosyloxyacetanilide  in  a  tritium  atmosphere.   This 
tritiated  substrate  will  make  possible  the  study  of  enzyme -substrate 
complexes  with  the  microsomal  hydroxylases  that  play  aji  important  part 
in  the  detoxification  of  many  drugs  containing  aromatic  rings. 

The  introduction  of  hydroxyl  groups  into  the  side  chain  of  2,k,^- 
and  3;^^5-"ti'ij-^ydroxyphenethylamine;  the  former  a  metabolite  of  dopamine , 
the  latter  trisnormescaline,  will  be  investigated  by  the  use  of  tritiated 
precursors.   The  possible  physiological  and  pharmacological  .importance  of 
the  difficultly  accessible  and  presumably  highly  unstable  2-  and  5-hydroxy 
derivatives  of  (nor) epinephrine  will  be  investigated. 


Part  B  included:  Yes 
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Individual  Project  Eeport 

Calendar  Year  i960 

Part  B   Honors J  Awards ^  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Cohen^  L.  A.,  Daly^  J.  U. ;,  Kiiy,  H. ;  and  Witkop,  B. :  Nuclear  Magnetic 
Resonance  Spectra  of  Indoles.  J.  Am.  Chem.  Soc.  82:  2l84-2l87,  I96O. 

Kny,  H.;  and  Uitkop,  B. :   Quebrachajnine.  II.   J.  Org.  Chem.  25:  635-636, 
i960.  — 


Honors  and  Awards  relating  to  this  project:  None 
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Part  A 


Project  Title:   Inhibitors  of  the  Biosynthesis  and  Breakdown  of  5-Hydroxy- 
tryptamine  and  Other  Centrally  Active  Biogenic  Amines 

Principal  Investigator  (at  NIAMD):  Bernhard  Witkop 

Other  Investigators:  M.  Ozaki  (left  k/l8/60) 

Cooperating  Units:  S.  Udenfriend,  H.  Weissbach  and  B.  Redfield, 
NHI-LCB- 

Man  Years  (calendar  year  I96O): 
Total:  2/3 
Professional:  2/3 
Other:  0 

Project  Description: 

Objectives;  The  inhibition  of  the  enzyme  which  decarboxylates  5-OH- 
tryptophan  or  dihydroxyphenylalanine  would  prevent  the  formation  of  sero- 
tonin or  dopamine  and  other  catecholamines  and  have  practical  applicabili- 
ty in  diseases  characterized  by  overproduction  of  serotonin  and  catechol- 
amines such  as  liver  carcinoid  syndrome  phaeochromocytoma  tumor  and 
chronic  hypertension.  The  inhibition  of  MAO  in  vivo  and  in  central 
locations  is  known  to  resvilt  in  marked  (sometimes  psychic)  effects.  The 
control  of  both  of  these  processes  is  highly  desirable. 

Methods  Employed:  The  technique  for  assaying  MAO  oxidase  activity 
is  described  in  the  publication  by  Freter,  Weissbach  et  al.  Similar 
techniques  have  been  used  by  Dr.  M.  Ozaki  in  Dr.  Udenfriend's  laboratory 
for  the  decarboxylases  acting  on  dopa,  tryptophan  ajid  5-hydrGxytryptophan, 
as  well  as  for  catechol-0-methyl transferase. 

Major  Findings;   Procedures  have  been  developed  for  detecting  inhibi- 
tors of  monamine  oxidase  in  vitro  and  in  vivo  and  for  the  determination  of 
the  duration  of  their  central  and  peripheral  action.  These  procedures 
have  been  applied  to  the  detection  and  study  of  several  new  classes  of 
inhibitors. 

Proposed  Coxirse  of  Project:  The  search  for  and  clinical  application 
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of  new  types  of  monaraine  oxidase,  dopa  and  5-bydroxytryptamine  decarboxy- 
lase inhibitors  is  being  continued  in  the  NHI. 


Part  B  included:  Yes 
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,Part  B   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project; 

Ozaki,  M. ,  Weissbach,  H.,  Ozaki,  A.,  Wltkop,  B.,  and  Udenfriend,  S. : 
Monoamine  Oxidase  Inhibitors  and  Procedures  for  their  Evaluation  in 
vivo  and  in  vitro .   J.  Ifed.  &  Pharm.  Chem.  In  press. 


Honors  and  Awards  relating  to  this  project:  None 
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part  A 


Project  Title:   Studies  on  Substrates  and  Inliibitors  of  Cholinesterase 
and  on  the  Chemistry  of  Keuro -Muscular  Blocking  Agents 

Principal  Investigator  (at  WIH):   Bernhard  Witkop 

Other  Investigators:   John  W.  Daly 

Cooperating  Units:   S.  Friess  and  R.  C.  Durante  iJational  Ilaval  Medical 
Center 

Man  Years  (calendar  year  I96O): 
Total:   1/3 
Professional:  I/3 
Other:   0 

Project  Description: 

Objectives:   To  establish  a  role  and  possibly  a  use  for  derivatives 
of  those  mono-  and  diaminohexitols  that  occur  as  building  stones  of  anti- 
biotics; to  explore  the  steric  limitations  and  requirements  for  (poly- 
functional)  substrates  of  cholinesterase;  to  correlate  neuro -muscular 
blocking  activity  with  the  structure  of  cyclic  analogs  of  dimethylamino- 
ethanol . 

Major  Findings:   2-DeoxystreptaHine  has  been  converted  via  the  W,H'-' 
tetramethyl  derivative  to  the  ditertiary,  mono-  and  diquaternary  tri-  and 
diacetates.   The  spontaneous  hydrolysis  of  these  esters  in  neutral  buffer 
solutions  surpasses  that  of  p-nitrophenylacetate  (tW2  =  3000  min. )  by  a 
factor  of  more  than  100.   The  first  step  in  the  hydrolysis  of  the  diter- 
tiary  W^N'-tetramethyldeoxystreptamine  triacetate  (t]_/2  =  21  min.)  ap- 
proached the  maximal  hydrolytic  activity  of  monoquaternary  N,H' -tetra- 
methyl -0-tetraacetylstreptamine  (ti/2  =  19  min.),  the  most  active  compound 
in  the  series.   Mono-  and  diquaternization  of  M,K-tetramethyldeoxystrep- 
tamine  0-acetates  led  to  a  decrease  in  the  rates  of  spontaneous  hydrolysis. 
Kinetic  and  chromatographic  analysis  was  used  to  investigate  the  rates  and 
sequences  of  the  various  stages  in  the  stepwise  controlled  hydrolysis  of 
the  tri-  and  diacetates. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 
Two  major  aspects  of  the  cholinesterase  problem  are  of  special  interest. 
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l)  The  mode  of  hydrolysis  and  nature  of  ester  latilization.   2)  the  cor- 
relation of  structure  and  activity  in  natural  and  synthetic  inhibitors. 

Proposed  Course  of  Project:   Dr.  Friess  is  presently  occupied  with 
pharmacological  and  isolated  nerve  studies  involving  inhihitors  of 
cholinesterase.   It  will  he  of  special  ixaportance  to  construct  inhibitors 
capable  of  penetrating  the  blood-brain  barrier  and  of  acting  on  brain 
cholinesterase  directly. 


Part  B  included:  Yes 
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Part  B   Honors,  Airards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Daly;  J.;  Durant,  R.  C,  Friess,  S.  L. ,-  Holland,  G-  F.  ;  Kny,  H- ,  and 
Witkop,  B. :   Labilization  of  Ester  Bonds  in  Amino cyclitol  Derivatives. 
II.   Polyacetates  of  Deoxystreptamine .   J.  Am.  Chem.  Soc.  82:  5928- 
593^,  i960. 


Honors  and  Awards  relating  to  this  project:   Hone 
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Part  A 


Project  Title:   Dienone -Phenol  Tautomerism  and  Its  Significance  in 
Metabolic  Processes 

Principal  Investigator:   Louis  A.  Cohen 

Other  Investigators:   William  M.  Jones 

Cooperating  Units:   Section  on  Photobiology^  lJIA^'iD-LPB- 

Man  Years  (calendar  year  i960): 
Total:   1 

Professional:  l/2 
Other:   l/2 

Project  Description: 

A  study  of  the  chemistry  of  phenols  and  of  methods  for  increasing 
the  contribution  of  dienones  to  their  structure.  Such  knowledge  may  be 
applied  to  elucidating  mechanisms  of  tyrosine  metabolism ^  thyroxine 
biosynthesis  and  brealcdo"vm  and  oxidative  phosphorylation. 

Objectives:  To  determine " factors  that  lead  to  the  formation  of 
stable  quinols  and  quinonemethines.  To  study  the  chemistry  of  these 
species  and  their  possible  implication  in  metabolic  schemes. 

Methods  Employed:   Infrared  and  ultraviolet  spectroscopy  are  used 
to  follov  the  rates  of  reaction  of  intermediates  and  to  determine  struc- 
tural characteristics.   Huclear  magnetic  resonance  spectroscopy  is  used 
for  structural  elucidation  and  for  the  detection  of  labile  intermediates 
and  tautomeric  forms.  . 

Major  Findings;   It  has  been  demonstrated  in  several  studies  that 
the  presence  of  tertiary  butyl  groups  ortho  to  a  phenol  greatly  increases 
the  contribution  of  dienone  structures  to  the  resonance  hybrid.  The 
effect  of  such  a  difference  on  spectral  and  ionization  properties  has 
been  reported  as  well  as  changes  in  the  rate  of  several  reactions. 

Stable  phenolic  hypobromites  have  been  detected  and  methods  have 
been  elucidated  for  stabilizing  free  radical  intermediates  analogous  to 
those  occiirring  in  the  biosynthesis  of  thyroxine. 
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Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute:  The  pathways  of  hiosynthesis  of  tyrosine,  phenylalanine  and 
thyroxine  all  involve  dienone  intermediates,  such  as  prephenic  acid. 
Limited  knowledge  of  the  chemistry  of  dienones  has  hindered  an  elucida- 
tion of  the  pathways  of  formation  and  metabolism  of  these  intermediates. 
Similarly,  the  discovery  of  Vitamin  Q  as  a  co-factor  in  oxidative  phos- 
phorylation has  made  the  chemistry  of  quinols  of  further  importance. 

Proposed  Course  of  Project:  Attempts  will  be  made  to  synthesize 
quinol  phosphates  and  to  determine  their  role  in  oxidative  phosphoryla- 
tion, or  as  models  for  more  complex  intermediates.   Studies  will  be 
continued  on  the  general  chemistry  of  dienones  and  quinols  derived  from 
raetabolically  ijnportant  phenolic  compounds. 


Part  B  included:   Yes 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  I96O 

Part  B   Honors ;  Awards,  and  PulDlications 

Publications  other  than  abstracts  from  this  project: 

Cohen,  L.  A.:  Electronic  Control  of  Steric  Hindrance  in  Hindered 
Phenols.  J.  Org.  Chem.  22:  1333-1335,  1957- 

Cohen,  L.  A.,  and  Jones,  W.  M. :  A  Study  of  pH  Dependence  in  the 
Decarboxylation  of  p-Hydroxycinnamic  Acid.  J.  Am.  Chem.  Soc.  82: 
1907-1911,  i960. 


Honors  and  Awards  relating  to  this  project:  None 
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1.  Chemistry 

2.  Metabolites 

3.  Bethesda 


EHS-NIH 

Individual  Project  Report 

Calendar  Year  I96O 


Part  A 


Project  Title:  Selective  and  Reversible  Blocking  of  Imidazole  Rings  in 
Proteins 

Principal  Investigator:  Louis  A.  Cohen 

Other  Investigators:   G.  L.  Schmir  (left  6/30/6O) 
William  M.  Jones 

Cooperating  Units:  T.  Viswanatha,  NIAMD-LPT- 

Man  Years  (calendar  year  I96O): 
Total:  2/3 
Professional:  I/3 
Other:  I/3 

Project  Description: 

The  selective  acylation  of  the  imidazole  ring  in  histidine  and  its 
derivatives.  The  utilization  of  acylated  histidines  for  selective 
cleavage  of  histidine-peptide  bonds. 

Objectives:  To  effect  the  selective  blocking  of  imidazole  rings  in 
hydrolytic  enzymes ,  to  observe  the  effect  of  the  modification  on  enzymatic 
activity  and  to  remove  the  blocking  group,  thereby  demonstrating  that 
denaturation  has  not  occurred.  The  use  of  chemiceil  reagents  to  effect 
the  oxidative  cleavage  of  histidyl -peptide  bonds  subsecLuent  to  acylation 
of  the  imidazole  residue. 

Methods  Employed:  Recording  ultraviolet  spectroscopy  is  used  to 
follow  the  formation  and  hydrolysis  of  sulfonated  imidazoles.  Paper 
chromatography  and  paper  electrophoresis  are  used  to  separate  and  purify 
cleavage  products.  Ultraviolet  spectroscopy  is  used  to  follow  the  course 
of  enzyme  reactions. 

Major  Findings:  N-Toluenesvilfonylimidazole  is  stable  to  oxidative 
degradation  or  to  mild  hydrolytic  conditions.  It  is  easily  removed  by 
acid  or  base  hydrolysis  or  by  the  action  of  nucleophiles  at  neutral  pH. 
Although  a  two-carbon  side-chain  (imidazole-4-acetic  acid)  is  stable  to 
degradation  when  tosylated,  a  three -carbon  side  chain  is  not  stable. 
The  implication  is  that  paxticipation  of  the  side  chain  in  activating 
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the  ring  may  provide  a  means  for  selective  cleavage  of  histidine  peptides 
by  oxidative  attack. 

Significance  to  bio-medical  research  and  the  prograjp  of  the  Insti- 
tute; Selective  cleavage  of  peptide  bonds  by  chemical  means  is  a  valuable 
technique  for  providing  smaller  peptide  fragments  from  complex  proteins 
and  enzymes  for  structural  studies.  To  date  no  such  technique  has  been 
developed  for  histidine  and  the  discovery  of  such  a  method  would  be  of 
great  value  in  peptide  chemistry.  Equally  valuable  vould  be  a  method  for 
selectively  blocking  one  or  more  imidazole  rings  selectively  in  a  protein 
to  determine  the  effect  on  activity.  The  method  herein  described  differs 
from  other  available  techniques  in  its  reversibility;  the  blocking  groups 
can  be  attached  to  the  protein  \mder  extremely  mild  conditions  and  can 
subsequently  be  removed,  again  under  very  mild  conditions. 

Proposed  Course  of  Project;  To  effect  the  cleavage  of  N-tosylated 
histidine  peptides  with  various  oxidants.  To  selectively  block  the 
imidazole  residue  of  an  active  fragment  of  chymotrypsin  prepared  by 
Viswanatha  and  to  determine  the  enzyme  activity  of  the  modified  poly- 
peptide. 


Part  B  included:  No 
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1.  Chemistry 

2.  Metabolites 

3.  Bethesda 


FHS-NIH 

Individual  Project  Report 

Calendar  Year  I96O 


Part  A 


Project  Title:  Oxidative  Cleavage  of  Tyrosyl-Peptide  Bonds:  A 
Specific  Chemical  Peptidase 

Principal  Investigator:  Louis  A.  Cohen 

Other  Investigators:  J.  G.  Wilson 

Cooperating  Units:  L.  Levintow,  WIAID-LCB- 

T.  Viswanatha,  KIAMD-LPT- 

Man  Years  (calendar  year  I96O): 
Total:  1 
Professional:  1 
Other:  0 

Project  Description: 

A  study  of  the  chemical  fragmentation  of  polypeptides  and  proteins 
at  tyrosyl -peptide  bonds  by  use  of  oxidizing  agents  such  as  bromine  and 
N -bromosuc c inimide . 

Objectives:  To  effect  the  splitting  of  complex  peptides  by  the  ad- 
dition of  a  reagent  which  attacks  tyrosine  exclusively  and  labilizes  the 
adjacent  peptide  bond.  To  demonstrate  the  utility  of  the  technique  in 
facilitating  sequence  determination  of  enzymes  by  splitting  the  long 
peptide  chain  into  shorter  imits. 

Methods  Employed:  Rapid  recording  ;iltraviolet  spectroscopy  is  used 
to  follow  the  course  and  extent  of  cleavage  reactions.  Infrared  spec- 
troscopy is  used  to  elucidate  the  structure  of  reaction  products.  Paper 
and  colximn  chromatography,  ion  exchange  and  high-voltage  electrophoresis 
are  used  to  separate  and  purify  polypeptide  fragments.  An  automatic 
amino  acid  analyzer  is  used  to  follow  the  extent  of  chemical  reaction 
and  the  purification  of  peptide  fra^ents. 

Major  Findings:  Contrary  to  data  previously  reported  from  other 
laboratories,  the  oxidative  splitting  of  tyrosyl-cysteine  bonds  has  been 
achieved  in  high  yield.  It  has  been  shown  that  considerably  higher 
yields  are  obtained  by  fragmentation  of  S-carboxymethylribonudease  than 
of  the  intact  enzyme. 
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Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute: The  ability  to  split  complex  peptides  (enzymes  and  proteins)  at 
specific  bonds  can  contribute  greatly  to  the  determination  of  amino  acid 
sequences,  to  the  modification  of  particiilar  functional  groups  in  proteins 
and  to  the  isolation  of  active  fragments  of  enzymes.  By  these  techniques, 
proteins  can  be  split  under  very  mild  conditions  (neutral  pH,  aqueous 
solution)  at  selected  positions  by  a  rapid,  controllable  reaction. 

Proposed  Course  of  Project;  To  continue  a  study  of  cleavage  reac- 
tions on  ribonuclease ,  collagen  and  thyroglobulin,  with  the  purpose  of 
providing  smaller  polypeptide  units  for  sequence  determination  and  for 
studies  of  structure  and  activity  relationships. 


Part  B  included:  Yes 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  I96O 

Part  B   Honors,  Awards,  ajid  Publications 

Pulalications  other  than  abstracts  from  this  project: 

Schmir,  G.  L. ,  Cohen,  L.  A. ,  and  Witkop,  B. :  The  Oxidative  Cleavage  of 
Tyrosyl -Peptide  Bonds.   I.  J.  Am.  Chem.  Soc.  8I:  2228-2233,  I959. 


Honors  and  Awards  relating  to  this  project:  No 
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1.  Chemistry 

2.  Metabolites 

3.  Bethesda 


PHS-WIH 

Individual  Project  Report 

Calendar  Year  I96O 


Part  A 


Project  Title:  Selective  Oxidation  of  Free  and  Bound  Histidine  and 
other  Imidazole  Derivatives 

Principal  Investigator:  Louis  A.  Cohen 

Other  Investigators:  G.  L.  Schmir  (left  6/30/6O) 
WilliajD  M.  Jones 

Cooperating  Units:  T.  Viswanatha,  NIAMD-LPT- 

Man  Years  (calendar  year  I96O): 
Total:  1 
Professional:  l/2 
Other:  1/2 

Project  Description: 

A  study  of  the  oxidative  degradation  of  histidine  derivatives  "by  use 
of  a  reagent  such  as  N-bromosuccinimide .  Effect  of  the  oxidative  destruc- 
tion of  histidine  on  the  activity  of  proteolytic  enzymes  and  esterases. 

Objectives;  To  degrade  the  imidazole  ring  of  histidine  derivatives 
and  to  convert  the  products  into  novel  and  difficultly  accessible  amino 
acids  and  amino  acid  antimetabolites.  To  destroy  the  imidazole  ring  of 
enzyme -boiond  histidine  to  determine  the  importance  of  histidine  in  the 
active  site  of  hydrolytic  enzymes. 

Methods  Employed:  Recording  ultraviolet  spectroscopy  is  used  to 
follow  the  destruction  of  histidine;  infrared  spectroscopy  to  determine 
the  structxire  of  reaction  products;  paper  chromatography  and  paper  elec- 
trophoresis to  help  in  purification  of  products;  automatic  titration 
equipnent  (pH-Stat)  and  ultraviolet  spectroscopy  for  following  the  course 
of  enzymatic  reactions. 

Major  Findings:  The  imidazole  ring  is  rapidly  oxidized  by  one 
equivalent  of  reagent  under  mild  conditions  to  form  a  ke to -aldehyde,  two 
moles  of  ammonia  and  one  of  formic  acid.  Colorimetric  assay  techniques 
have  been  developed  for  following  the  course  of  the  degradation  in  intact 
proteins. 
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Significance  to  bio-medical  research  and  the  program  of  the  Insti- 
tute:  In  recent  years  there  has  been  a  great  ajnount  of  speculation  re- 
garding the  role  of  imidazole  in  hydrolytic  enzymes.  The  techniques 
heretofore  available  for  studying  the  role  of  histidine  have  been  ex- 
tremely limited  in  their  utility.  Methods  which  can  selectively  destroy 
a  single  residue  vithin  a  protein  chain  are  greatly  sought  after,  psir- 
ticularly  if  they  can  be  utilized  under  conditions  so  mild  that  denatura- 
tion  may  be  avoided.  The  present  method  is  believed  to  be  such  a 
technique. 

Proposed  Course  of  Project;  Degradation  products  of  histidine 
derivatives  will  be  utilized  in  the  synthesis  of  new  amino  acids  and 
antimetabolites.  The  selective  destruction  of  imidazole  units  in  active 
fragments  of  trypsin  and  chymotrypsin  will  be  studied  in  regard  to  the 
effect  on  enzyme  activity. 


Peurt  B  included:  No 
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1.  Chemistry 

2.  Independent  Unit 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  I96O 


Part  A 


Project  Title:  Analytical  Services  Unit 

Principal  Investigator:  Harold  G.  McCann 

Other  Investigators:  Paxila  M.  Parisius,  Evelyn  G.  Peake,  Elizaheth  H. 

Fath  (to  Feh.,  I96O),  Alice  Wong  (from  Feb.  I96O), 
and  Byron  Baer 

Cooperating  Units:  None 

Man  Years  (calendar  year  I96O): 
Total:   5 

Professional:  3-1/2 
Other:  1-1/2 

Project  Description: 

The  Analytical  Services  Unit  is  a  service  organization  providing 
services  for  research  personnel  of  the  National  Institutes  of  Health  and, 
to  a  limited  extent,  for  persons  of  other  government  agencies.  The  scope 
of  this  vork  is  summarized  as  follows: 

1.  Approximately  10,000  elemental,  functional  group  and  instrumental 
analyses  were  performed  during  the  past  year.  These,  with  the  approximate 
number  of  each  include:  carbon  (2,685),  hydrogen  (2,685),  nitrogen  by 
Dumas,  Kjeldahl,  and  Nessler  (2,300),  halogens  (5IO  including  I8  elemental 
fluorine  analyses),  sulfur  (I85),  phosphorus  (I60),  functional  groups, 
such  as  acetyl,  methoxyl,  ethoxyl,  C-methyl,  active  hydrogen  (II5),  reduc- 
ing sugar  (320),  weight  loss,  moisture,  solvates,  ash,  etc.  (23O),  metals, 
such  as  sodium,  copper,  chromiiuo,  antimony,  calcium,  barium,  magnesium, 
mercury,  iron  (115)^  selenium  (200),  boron  (20),  optical  rotations  (50), 
miscellaneous  (65).  Recipients  of  this  service  include  about  I30  of  the 
NIH  research  staff.  In  addition,  analyses  are  performed  for  government 
agencies  outside  the  NIH  where  such  services  can  be  given  without  inter- 
fering with  the  progress  of  NIH  research.  During  the  past  year  such 
service  was  given  to  persons  at  the  Naval  Medical  Research  Institute  and 
the  Federal  Bureau  of  Investigation. 

2.  During  the  year  services  of  a  special  nature  were  continued  for 
the  research  team  of  Dr.  Klaus  Schwarz  (NIAMD)  involving  a  study  of  the 
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dietary  importance  of  selenivun.  A  considerable  amoiint  of  work  has  been 
performed  for  Dr.  C.  H.  Grogan,  Georgetown  University.  Dr.  Grogan, 


although  employed  by  NCI,  is  preparing  compounds  on  a  contract  basis  for 
Cancer  Chemotherapy.  Over  100  compounds  were  analyzed  which  had  been 
prepared  for  CCNSC  by  various  chemical  and  pharmaceutical  firms.  A 
niomber  of  analyses  for  trace  quantities  of  mercury  were  perfonned  for 
Dr.  Tolgay  of  the  Laboratory  of  Nutrition  and  Endocrinology  (NIAMD)  and 
a  study  of  trace  quantities  of  boron  is  continuing  for  Dr.  Mary  Raid  of 
the  same  laboratory. 

3-  Apparatus  has  been  obtained  for  the  direct  determination  of 
oxygen.  Although  about  60  standards  have  been  run,  completely  satisfactory 
results  have  not  yet  been  obtained  because  of  malfunction  of  the  equipment. 
It  is  hoped  that  this  analysis  will  be  available  on  a  service  basis  by  the 
first  of  the  year.  The  analysis  of  elemental  fluorine  in  organic  compoionds 
has  been  made  available  during  this  year. 

4.  The  infrared  service  laboratory  is  a  part  of  the  Analytical 
Services  Unit.  Details  of  their  work  are  described  in  a  separate  report. 


Part  B  included:  No 
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1.  Pathology  &  Histochemistry 

2.  Pathologic  Anatomy 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:   Choline  deficiency  in  germ-free  rats  -  cirrhosis 
of  liver  and  lung- lipid  deposits;  renal  injury 
by  spermine. 

Principal  Investigator:  L.  L.  Ashburn 

Other  Investigators:  David  L.  Beaver,  Ernest  McDaniel,  Stanley 
Levenson,  Celia  Tabor. 

Cooperating  Units:   LNE-NIAMD   _^    -.    _    „      ^.^.^^ 
T.PT-NTAMn   Dept.  of  Germ- Free  Research,  WRAIOR 

Man  Years  (calendar  year  1960) 
Total:  2 
Professional:   1 
Other:   1 

Project  Description: 

Studies  of  nutritional  cirrhosis  has  continued  in  the  germ- free 
rat  with  the  aim  of  determining  any  possible  relationship  of  the 
induced  cirrhosis  to  noxious  products  of  intestinal  bacteria;  - 
conventional  rats  were  used  as  controls.   Larger  experience  has 
confirmed  the  preliminary  observation  reported  earlier.   Namely, 
that  the  choline  deficiency  cirrhosis  in  the  germ-free  rat 
develops  in  the  same  manner,  (fat  accumulation,  ceroid  generation 
and  deposition,  reticulum  and  fibrous  septation)  -  as  in  the 
conventional  rat.   In  fact,  there  is  suggested  evidence  that  the 
process  develops  somewhat  faster  in  the  germ- free  animal.  The 
study  is  being  continued  using  choline  as  a  preventive  control. 
Another  study  is  contemplated  for  the  purpose  of  evaluating  the 
suggestion  that  certain  antibiotics  -  neomycin,  polymixin  B, 
bacitracin  -  prevent  or  delay  the  cirrhotic  process.  This  will 
be  done  in  germ- free  rats,  so  that  a  retardation,  if  it  occurs, 
can  be  related  to  systemic  effect  rather  than  to  a  suppression 
of  intestinal  bacteria. 

In  examining  lungs  from  germ- free  rats  on  both  choline  deficient 
and  pantothenic  acid  deficient  diets  many  small  (1-3  mm)  white 
spots  were  seen  scattered  over  (subpleural)  the  lung  surfaces; 
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(977o  choline  deficient  and  757o  in  pantothenic  deficient  rats). 
These  spots  resulted  from  the  deposit  of  closely  packed  xanthoma 
cells,  within  alveoli.   The  lipid  consisted  mainly  of  globules 
with  a  strong  affinity  for  oil  soluble  dyes  (triglyceride)  but 
also  had  an  anisotropic  spicular  component;  possibly  cholesterol. 
These  deposits  were  seen  most  rarely  in  conventional  rats  on 
various  deficient  diets  and  not  at  all  in  germ-free  rats  on  stock. 
Vitamin  A  deficient  and  folic  acid  deficient  diets.   Germfreeness 
and  specific  dietary  abnormalities  (not  as  yet  identified)  are 
necessary  for  the  maximal  expression  of  this  lipid  lesion. 

The  study  of  the  renal  pathology  induced  in  rabbits  by  spermine, 
has  been  completed.   Spermine  was  injected  directly  into  one 
renal  artery  of  some  rabbits  and  subcutaneous ly  in  others. 
Essentially  identically  type  and  pattern  of  renal  epithelial 
necrosis  was  produced  by  both  methods.   This  fact  lead  to  the 
conclusion  that  spermine  does  not  need  to  undergo  in  vivo 
oxidation  in  order  to  produce  renal  damage.   Severe  unilateral 
renal  lesions  with  contraction  leads  to  hypertention  in  some 
rabbits.  Multiple  spaced  subcutaneous  infections  of  spermine 
leads  to  residual  lesions  of  tubular  atrophy,  and  interstitial 
scarring  of  slight  to  moderate  degree. 


Part  B  included:  No. 
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1.  Pathology  &  Histochemistry 

2.  Pathologic  Anatomy 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:   Studies  on  high  altitude,  fat  mobilization  and 
deposition,  catechol  amines,  autonomic  blocking 
agents,  and  monoamino-oxidase  inhibitors. 

Principal  Investigator:   Benjamin  Highman 

Other  Investigators:   P.  D.  Altland,  B.  B.  Brodie,  W.  M.  Butler, 
F.  Smith,  H.  M.  Maling,  S.  Spector,  and 
E.  C.  Thompson. 

Cooperating  Units:   LPB-NIAMD  (Altland  and  Thompson) 

LCP-NHI  (Brodie,  Butler,  Maling  and  Spector) 
Radiation  Branch-NCI  (Smith) 

Man  Years  (calendar  year  1960): 
Total:   2 
Professional:   1 
Other:   1 

Project  Description: 

Dogs  were  exposed  for  4  hours  in  a  low  pressure  chamber  to  a 
simulated  altitude  of  32,000  feet.   They  showed  a  hyperglycemia 
and  a  sharp  rise  in  serum  glutamic  oxalacetic  transaminase  (SGO-T), 
serum  glutamic  pyruvic  transaminase  (SGP-T),  serum  lactic  dehydro- 
genase (SLD) ,  and  serum  alkaline  phosphatase  (SAk-P) .   Hyper- 
glycemia reached  a  peak  in  about  6  hours  and  subsided  within 
24  hours.   Other  elevations  reached  a  peak  in  6  to  24  hours  and 
subsided  in  3  to  7  days.   The  elevations  in  SGO-T,  SGP-T  and  SLD 
were  diminished  by  the  adrenergic  blocking  agent  phenoxybenzamine 
(Dibenzyline)  and  the  hyperglycemia  by  the  ganglionic  blocking 
agent  chlorisondamine  dimethochloride  (Ecolid).   These  findings, 
particularly  the  effect  of  Ecolid,  support  the  view  that  the 
hyperglycemia  is  due  to  the  release  of  catechol  amines  from  the 
adrenal  medulla  and  that  the  serum  enzyme  changes  are  due  in  part 
to  changes  in  cellular  permeability  produced  by  the  hypoxia.   It 
is  suggested  that  the  similar  rise  in  serum  enzyme  levels  reported 
previously  after  administration  of  catechol  amines,  since  they  are 
similarly  affected  by  Dibenzyline,  may  be  due  in  part  to  a  relative 
hypoxia  resulting  from  an  increase  in  oxygen  consimiption  caused  by 
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catechol  amines.   Studies  are  in  progress  on  serum  enzyme  changes 
following  daily  exposures  to  high  altitude  and  exposure  of  other 
species. 

In  another  study  with  Dr.  Altland,  rabbits  fed  a  cholesterol  diet 
were  exposed  23  hours  daily  to  a  simulated  altitude  of  16,000  feet 
for  a  maximum  of  17  weeks  to  study  the  effect  of  hypoxia  on  the 
development  of  atherosclerosis.   Such  rabbits  showed  much  more 
severe  pulmonary  atherosclerosis  than  ground  level  controls,  less 
severe  lesions  in  the  descending  and  abdominal  aorta,  but  a  much 
higher  incidence  of  marked  calcium  deposits  in  both  aortic  and 
pulmonary  atherosclerotic  lesions.   Hypoxia  and  pulmonary  hyper- 
tension are  considered  major  contributing  factors  in  the  increase 
in  calcification  and  severe  pulmonary  lesions.   Serum  cholesterol 
values  of  cholesterol-fed  rabbits  were  higher  in  the  group  exposed 
to  altitude.   The  cholesterol  diet  caused  a  persistent  anemia  after 
4  weeks  in  the  ground  level  group  and  reduced  the  degree  of  poly- 
cythemia in  the  altitude  group . 

In  another  study  with  Drs.  Altland  and  Smith,  rats  were  acclimatized 
to  20,000  feet  simulated  altitude  and  inoculated  intravenously  with 
sheep  erythrocytes  to  study  the  rate  and  degree  of  formation  of 
antisheep  erythrocyte  hemolysin.  Altitude  exposure  resulted  in  a 
significant  increase  in  antibody  formed  during  the  primary  immune 
response,  but  did  not  alter  the  length  of  the  induction  period  as 
compared  to  ground  level  controls.   The  increase  in  antibody 
formation  is  attributed  in  part  to  an  increase  in  the  reticuloendo- 
thelial vacular  bed  due  to  altitude  polycythemia.   These  findings 
suggest  that  acclimatization  to  high  altitude  may  be  a  valuable 
experimental  tool  in  increasing  circulatory  antibody  titers  and 
that  the  increased  susceptibility  to  streptococcal  endocarditis 
reported  previously  in  altitude  acclimatized  rats  is  not  due  to 
impairment  in  antibody  formation. 

Studies  are  continuing  with  Butler,  Maling  and  Brodie  concerning 
an  increase  in  neutral  fat  or  triglyceride  content  of  the  liver  of 
rats  induced  by  carbon  tetrachloride,  ethanol  or  ethionine.   It  was 
found  by  chemical  and  histologic  methods  (staining  for  fat  with 
Oil  red  0)  that  the  increase  in  fat  was  largely  prevented  by  prior 
administration  of  adrenergic  blocking  agents.  This  project  should 
increase  our  understanding  of  the  processes  involved  in  triglyceride 
mobilization  and  deposition. 

Another  study  with  Drs.  Maling  and  Spector  is  continuing  and  con- 
cerns the  administration  of  various  monoamino  oxidase  inhibitors 
to  dogs,  cats,  rabbits,  and  squirrel  monkeys.   Some  of  these  com- 
pounds produce  marked  neurologic  symptoms  and  changes  in  behavior. 
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These  findings  are  correlated  with  pathologic  changes  and  changes 
in  the  levels  of  serotonin  and  norepinephrine  in  various  parts  of 
the  nervous  system.   This  study  may  elucidate  the  mode  of  action 
and  possible  toxicity  of  some  of  these  compounds.   This  study  is 
important  because  some  of  these  compounds  are  widely  used  by 
psychiatrists  and  in  the  treatment  of  hypertension. 
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Publications  other  than  abstracts  from  this  project: 

Maling,  H.  M. ,  Highman,  B.,  and  Thompson,  E.  C. :   Some  Similar  Effects 
After  Large  Doses  of  Catecholamines  and  Myocardial  Infarction  in  Dogs. 
Paper  presented  at  Symposium  on  "The  Catecholamines  in  Cardiovascular 
Pathology"  held  at  Burlington,  Vermont,  August  23-26,  1959  and  paper 
was  published  in  Am.  J.  Cardiol.  5:    628-633,  1960. 

Altland,  P.  D.,  and  Highman,  B.:   Effects  of  High  Altitude  on  Cholester- 
ol-Fed Rabbits.   Production  of  Severe  Pulmonary  Atherosclerosis  with 
Calcification.  Arch.  Path.  70:  349-357,  1960. 

Highman,  B.,  and  Altland,  P.  D.:   Seriam  Enzyme  Rise  After  Hypoxia  and 
Effect  of  Autonomic  Blockade.  Am.  J.  Physiol.   In  press. 

Smith,  F.,  Altland,  P.  D.,  and  Highman,  B.:  Effect  of  High  Altitude 
Acclinatization  on  Formation  of  Sheep  Erythrocyte  Hemolysin  in  Rats. 
J.  Infectious  Dis.   In  press. 
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Project  Title:   Studies  dealing  with  the  development  of  methods 
for  isolation  and  culturing  of  Pneumocystis 
carinii  from  animal  and  man.   Continuation  of 
studies  in  geographic  pathology. 

Principal  Investigator:   Gert  L.  Laqueur 

Other  Investigators:  Harry  H.  Marsh,  Charles  H.  Zierdt 

Cooperating  Units:    LPH-NIAMD       CP-CC 
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Total:  3 
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Other:   1 

Project  Description: 

Our  efforts  directed  toward  methods  of  culturing  in  vitro  the 
organism  responsible  for  Pneumocystis  carinii  pneumonitis  of 
man  and  animal  have  continued  throughout  the  year.   Due  to 
unavailability  of  fresh  human  material  from  patients  suffering 
from  the  disease.   Lung  tissue  from  rats  allowed  to  develop  the 
disease  after  injection  with  cortisone  and  antibiotics  served 
as  source  material.   The  advantage  of  using  small  laboratory 
animals  lies  in  the  availability  of  large  nvmibers,  the  disad- 
vantage in  the  problem  whether  himian  and  animal  organisms  are 
pathogenetically  and  immunologically  comparable. 

Attempts  to  culture  the  organisms  on  special  fungal  and  proto- 
zoan media  were  unsuccessful  as  were  the  experiments  in  which 
diseased  lung  tissue  was  cultured  directly  on  specialized 
bacterio logic  media  using  aerobic,  microaerophilic  and  anaerobic 
conditions  with  varied  acidities,  viscosities  and  nutritients. 

During  the  last  few  months,  diseased  rat  lung  was  explanted  in 
tissue  culture  by  Mr.  Zierdt.   It  has  been  possible  to  obtain 
under  highly  specialized  culturing  conditions  the  same  organism 
from  several  animals.  Attempts  to  grow  these  isolated  organisms 
in  conventional  culture  media  has  remained  unsuccessful. 
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Morphologically  and  tinctorially,  the  organisms  obtained  with 
this  particular  method  resemble  closely  the  "free  forms",  i.e. 
nonencysted  or  encapsulated  forms  -  seen  previously  in  Giemsa 
stained  smears  from  infected  rat  lungs. 

Because  of  the  widespread  infestation  of  all  available  laboratory 
animals  inoculation  of  both  rats  and  mice  in  the  germ- free  state 
with  these  cultures  is  planned  at  the  earliest  possible  time. 

The  study  of  human  material  from  the  Division  of  Indian  Health 
of  the  Public  Health  Service  has  continued  throughout  the  year. 
This  is  a  long  range  program  designed  to  study  disease  patterns 
within  this  population.   To  facilitate  progress  in  this  direction, 
several  of  the  Indian  reservations  and  areas  were  personally 
contacted.   It  is  anticipated  that  the  quality  of  the  material 
for  study  will  improve  during  the  coming  year.   One  additional 
case  of  sarcoidosis  and  two  cases  of  dietary  hemosiderosis  were 
found  during  the  past  year  among  the  Indians. 


Part  B  included:   No. 
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Project  Title:   Study  of  mechanisms  involved  in  infectious  and 
allergic  diseases  and  in  immune  reactions . 

Principal  Investigator:   Edwin  M.  Lerner  II 

Other  Investigators:   Leon  Sokoloff,  Robert  R.  Williams,  Kurt  J. 

Bloch,  Joseph  J.  Bunim,  Robert  T.  Habermann, 
Sheldon  Dray,  Philip  R.  B.  McMaster,  Sanford  H. 
Stone,  Lawrence  Kilham. 

Cooperating  Units:   LPB-NIAMD  LI-NIAID 

A&R-NIAMD  LVR-DBS 

LAB-DRS 

Man  Years  (calendar  year  1960) : 
Total:  2 
Professional:   1 
Other:   1 

Project  Description: 

In  collaboration  with  K.  J.  Bloch  and  J.  J.  Bunim,  A&R,  NIAMD, 
extension  of  previously  reported  work  on  the  response  of  experi" 
mental  animals  to  heterologous,  isologous,  and  autologous  serum 
proteins,  with  particular  reference  to  the  production  of  rheumatoid 
factor- like  substances  during  such  responses,  has  led  to  the 
•  immunization  of  animals  with  their  own  serum  proteins.   Since  rats 
and  rabbits  had  responded  to  human  gamma  globulins  by  positive 
bentonite  flocculation  and  sensitized  sheep  cell  hemagglutination 
tests,  and  since  rabbits  had  also  given  these  responses  after 
receiving  immune  aggregates  (antigen-antibody  combinations)  pre- 
pared from  rabbits  of  isologous  serum  gamma  globulin  groups,  the 
recently  repcxrted  work  on  Witebsky,  Milgrom,  Rose,  and  co-workers 
was  repeated.   This  consisted  of  immunization  of  rabbits  with 
their  own  gamma  globulins,  after  these  had  been  separated  by 
ammonium  sulfate  precipitation  and  dialysis  procedures.   Current 
hypothesis  is  that  the  native  gamma  globulin  loses  its  species 
(and  individual)  specificity  by  denaturation  during  the  process 
of  precipitation,  and  that  it  then  behaves  as  a  foreign  protein 
immunologically,  giving  rise  to  "rheumatoid- like"  responses 

23^4 


Serial  No.  NIAMD-LPH-4 


Page  2 


in  the  serum  of  the  same  animal  from  which  it  was  deriveid.   Since 
the  anti-human  antibody  response  in  such  animals  has  been  found 
greater  than  the  anti-rabbit  response,  a  question  has  been  raised 
regarding  the  possibility  of  contamination  of  the  rabbit  globulin 
with  human,  other  animal,  or  other  rabbit  proteins  during  the 
long  process  of  fractionation  and  immunization. 

Rabbits  were  therefore  immunized  with  their  own  individual  gamma 
globulins  after  fractionation  of  same,  with  extreme  precautions 
taken  against  contamination.  All  fractionation  procedures, 
preparation  of  antigens  and  adjuvants,  were  carried  out  in  a 
laboratory  where  no  human  or  animal  serum  proteins  other  than 
those  of  the  individual  rabbits  concerned  were  allowed.  All 
glassware  was  chemically  cleaned,  and  all  glassware,  containers, 
syringes,  and  needles  were  restricted  to  use  on  individual  rabbits. 
Over  the  course  of  approximately  4  months,  and  continuing  into  a 
third  course  of  immunization  of  the  same  animals,  none  has  shown 
positive  reactions  for  rheumatoid  factor  (bentonite  flocculation 
and  sensitized  sheep  cell  hemagglutination  tests),  or  for  anti- 
human  antibody  (in  the  sensitized  human  Group  0  agglutination 
system).   These  immunization  procedures  are  being  continued. 

In  collaboration  with  P.R.B.  McMaster  and  E.  D.  Exum,  Laboratoxry 
of  Immunology,  NIAID,  a  study  of  experimental  allergic  thyroiditis 
was  undertaken  in  Strain  13,  inbred,  histocompatible,  immunologic- 
ally homogeneous  guinea  pigs  by  comparing  the  occurrence  and  - 
development  of  this  disease  in  animals  (a)  with  delayed  hyper- 
sensitivity but  no  demonstrable  antibody,  (b)  without  delayed 
hypersensitivity  but  with  antibody,  and  (c)  with  both  delayed 
hypersensitivity  and  antibody.   These  Strain  13  inbred  guinea 
pigs  were  immunized  with  single  injections  of  thyroid  extract 
derived  from  the  same  strain  or  other  strains  of  guinea  pigs. 
These  animals  developed  thyroiditis  as  early  as  5  days  after 
immunization,  which  constitutes  the  earliest  recorded  occurrence 
of  experimental  allergic  thyroiditis.  At  16  days  after  immuniza- 
tion, this  thyroiditis  was  present  in  all  immunized  animals,  and 
by  7  weeks  the  disease  was  consistently  present  and  generally 
severe.   This  condition  was  produced  by  means  of  a  single  intra- 
dermal dose  of  thyroid  extract  incorporated  in  complete  Freund's 
adjuvant.  All  experimental  conditions  avoided  direct  trauma  to 
the  thyroid  glands,  by  injection  of  antigen  at  distant  sites,  and 
eliminated  sensitization  reactions  to  thyroid  by  limiting  the 
injection  of  antigen  to  a  single  dose.   Delayed  hyper senstivity, 
as  determined  by  skin  testing  with  extracts  of  Strain  13  guinea 
pig  thyroids,  was  found  as  early  as  5  days  after  immunization  in 
nearly  all  animals,  and  was  present  in  all  animals  with  thjrroiditis 
at  7  weeks  after  immunization.   Circulating  anti-thyroid  antibody. 
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as  determined  by  a  newly  developed  modification  of  the  bentonite 
flocculation  test,  was  absent  at  5  days  in  animals  with  thyroiditis 
and  with  delayed  hypersensitivity  reactions.  At  7  weeks  after 
immunization,  anti-thyroid  antibodies  were  present,  and  the  titres 
of  antibody  correlated  with  the  presence  and  the  degree  of  thyroid- 
itis.  This  correlation  was  not  found  at  certain  other  times  after 
immunization.   To  intensify  the  formation  of  antibody  to  the 
antigen  without  producing  delayed  hypersensitivity,  guinea  pigs 
were  immunized  with  thyroid  extract  and  Freund's  incomplete 
adjuvant.   These  animals  at  7  weeks  showed  no  thyroiditis  and  no 
skin  test  delayed  hypersensitivity,  although  they  did  develop  low 
levels  of  circulating  anti- thyroid  antibody.   Thus,  the  presence 
of  delayed  hypersensitivity  was  correlated  with  experimental 
allergic  thyroiditis,  while  the  presence  of  circulating  antibody 
did  not  correlate  with  thyroiditis.  The  use  of  histocompatible 
Strain  13  guinea  pigs  excluded  the  possibility  of  antigenic  tissue 
or  serum  groups  interfering  with  the  measurements  of  anti-thyroid 
antibody  and  delayed  hypersensitivity.   These  experiments  consti- 
tute the  earliest  production  of  experimental  allergic  thyroiditis 
ever  observed,  and  the  most  severe  disease  at  the  time  intervals 
studied.   Further,  they  eliminated  the  possibility  of  (1)  direct 
trauma  to  the  thyroid,  (2)  sensitization  reaction  to  thyroid,  and 
(3)  immunologic  interference  by  heterologous  antigenic  serum  or 
tissue  proteins. 

In  collaboration  with  L.  Kilham,  LV&R,  DBS,  preliminary  investi- 
gations indicated  that  a  combined  infection  of  rats  with 
Streptobacillus  moniliformis  and  encephalomyocarditis  virus 
potentiated  the  severity  of  both  infectious  processes,  in  terms 
of  incidence  and  time  of  appearance  of  symptoms,  and  in  death  for 
encephalomyocarditis.  Repeated  experiments  have  negated  these 
findings.   Current  investigations  of  potentiation  by  ccmhined 
infection  are  directed  toward  use  of  the  relatively  little  known 
Novyi  rat  virus. 
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Publications  other  than  abstracts  from  this  project: 

Lerner,  Edwin  M.  II,  Bloch,  Kurt  J.,  and  Williams,  Robert  R.,  Jr.: 
"Rheumatoid"  Serological  Reactions  in  Experimental  Animals. 
II.  Bentonite  Flocculation  Test  in  Rats  with  Experimental  Arthritis. 
Arthritis  and  Rheumatism,  3^9  26-40;  1960. 

Lerner,  Edwin  M.  II:  Arthritis  Caused  by  Streptobacillus  moniliformis 
and  Pleuropneimionia-like  Organisms  in  Small  Rodents.   Conference  on  the 
Comparative  Pathology  of  Arthritis  and  Rheumatism.   Laboratory  Investi- 
gation, 8,  1366-1369,  also  1369-1375;  1959. 

Lerner,  Edwin  M.  II:  Pathology  of  Acute  and  Chronic  Brucellosis  in 
Experimentally  Infected  Guinea  Pigs.   Conference  on  the  Comparative 
Pathology  of  Arthritis  and  Rheumatism.   Laboratory  Investigation, 
8,  1457-1458,  also  1460;  1959. 

Lerner,  Edwin  M.  II:  Morphology  and  Classification  of  the  Pleuro- 
pneumonialike  Organisms.   Summary  of  Session  Chairman.  New  York 
Academy  of  Sciences  Conference  on  Biology  of  the  Pleuropneumonialike 
Organisms.  Annals  of  New  York  Academy  of  Sciences,  Vol.  79. 
article  10,  380-381;  1960. 
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Project  Title:  Morphologic  and  histochemical  variations  in  various 
organs  (including  preputial  glands)  of  germ-free 
and  conventional  rats  and  mice  as  influenced  by 
androgens,  estrogens,  and  deficiency  of  Vitamin  A. 

Principal  Investigator:  David  L.  Beaver 

Other  Investigator:  Ernest  G.  McDaniel 

Cooperating  Unit:  LNE-NIAMD 
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Professional:   1/2 
Other:  None 

Project  Description: 

It  is  well  known  that  the  periodic  recurrence  of  vaginal  neutro- 
philic exudate  coincides  with  the  non-cornified  stage  in  the  estron 
cycle  of  some  mammals.   It  is  claimed  that  heightened  susceptibility 
to  infection  also  coincide  with  this  non-cornified  stage.   Possibly 
pathogenetic  relationship  of  these  two  phenomenon  (exudate  -  infec- 
tion) were  tested  in  germ- free  mice  given  progesteron  and  killed 
24-48  hours  later.   The  polymorphonuclear  vaginal  exudate  occurred 
in  all  mice;  although  the  mechanism  is  not  evident,  the  exudative 
process  is  clearly  a  hormonal  effect  and  does  not  require  the 
presence  of  bacteria.  The  function  of  the  exudate  in  the  cyclic 
process  may  be  profitably  studied  in  the  germ-free  animal  where 
secondary  -  bacterial  morphologic  and  histochemical  changes  would 
not  occur. 

In  most  previous  investigative  work  the  rat  preputial  gland  has 
been  considered  to  be  merely  an  excessively  developed,  modified 
sebaceous  gland.   Histochemical  reactions,  therefore,  have  been 
attributed  solely  to  the  cellular  lipids;  and  changes  in  weight, 
size,  and  volume  have  been  accepted  as  reliable  indicators  of 
endocrine logic  activity.   Since  it  has  been  shown  that  the 
structural  picture  of  the  gland  varies,  being  dependent  upon 
tissue  fixation,  such  simplified  concepts  are  no  longer  tenable. 
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In  addition  to  the  lipids  the  acinar  cells  contain  numerous  protein 
granules,  which  are  also  elaborated  as  a  part  of  the  holocrine 
secretion.   By  utilizing  the  different  histochemical  properties  of 
the  lipid  droplets  and  protein  granules,  it  is  possible  to  stain 
both  components  simultaneously  in  the  same  tissue  section,  and 
thereby  assess  the  effect  of  various  experimental  conditions.  The 
preputial  gland  is  maintained  by  the  pituitary  and  is  stimulated 
by  androgens  but  not  by  estrogens.  Androgenic  stimulation  is 
manifest  by  hypertrophy,  hyperplasia,  and  increased  secretion. 
Since  the  effect  is  apparently  on  the  parenchymal  cell  itself,  both 
cellular  components  are  increased;  but  because  of  the  increased 
lipid  content  and  greater  cytoplasmic  volume,  the  granules  tend  to 
be  less  prominent  in  the  stimulated  gland.   In  either  sex,  prolonged 
androgenic  stimulation  may  result  in  cystic  atrophy.  The  function 
of  the  preputial  gland  is  unknown,  although  they  may  serve  as  the 
source  of  a  natural  lubricant.   Their  presence,  however,  is  not 
necessary  in  either  sex  for  reproduction. 

Study  of  the  pathologic  changes  in  conventional  Vitamin  A  deficient 
rats  is  greatly  hampered  by  the  almost  constant  occurrence  of 
localized  or  extensive  secondary  infections.  A  study  comparing 
deficient  germ- free  and  conventional  rats  was  done  to  clarify  the 
problem.  The  results  are  summarized  as  follows: 

1.  The  germ-free  rat  exhibits  the  usual  stigmata  of 
A  deficiency,  which  in  the  absence  of  infection 
and  inflammation  tend  to  be  predominantly  degenera- 
tive in  character. 

2.  Squamous  metaplasia  is  only  one  histologic  reflection 
of  the  basic  defect.  When  widespread,  it  is  helpful 
in  diagnosis,  but  is  not  necessarily  pathognomonic. 

3.  In  addition  to  the  usual  changes,  germ-free  rats  also 
exhibit  severe  hepatic,  renal,  and  adrenal  lesions 

which  are  not  found  in  control  animals  on  identical  diets. 

4.  The  presence  of  bacteria  or  the  germ-free  state--as 
the  case  may  be- -modifies  the  natural  history  of  the 
disease  in  regard  to  the  occurrence,  pathogenesis,  and 
histological  appearance  of  lesions,  but  does  not  apparently 
affect  the  eventual  outcome. 
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Publications  other  than  abstracts  from  this  project: 

Beaver,  David  L. :   Der  Einfluss  verschiedener  Fixierungsmittel  auf 
das  Strukturbild  der  PrHputialdrllsen  der  Ratte.   Zeitschrift  flir 
Zellforschung  und  Mikroskopische  Anatomie.   51  (1):   88-96,  1959. 

Beaver,  David  L. :  A  Re-evaluation  of  the  Rat  Preputial  Gland  as  a 
"Dicrine"  Organ  from  the  Standpoint  of  its  Morphology,  Histochemistry 
and  Physiology.   J.  Exper.  Zoology  2:  153-173,  1960. 

Beaver,  David  L. :   The  Hormonal  Induction  of  a  Vaginal  Leukocytic 
Exudate  in  the  Germ- Free  Mouse.   Am.  J.  of  Path.   6:  769-773,  1960. 

Beaver,  David  L.:  Vitamin  A  Deficiency  in  the  Germ-Free  Rat. 
Am.  J.  of  Path.   In  press. 
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Project  Title:   Preparation  of  stained  tissue  section  for 
investigation  and  diagnostic  purpose. 

Principal  Investigator:  Mr.  Roy  Reed  -  Head,  tissue  preparation 

laboratory. 

Other  Investigator:  None 

Cooperating  Unit:   None 

Man  Years  (calendar  year  1960): 
Total:   7* 
Professional:   0 
Other:   7 

Project  Description: 

The  statistical  report  of  this  unit  is  shown  below.   In  addition 
to  preparing  material  for  projects  conducted  in  the  laboratory  of 
Pathology  &  Histochemistry,  many  other  investigators  received 
advice  and  service.  These  include:  Dr.  McMasters  -  Laboratory 
of  Immunology;  Drs .  Emmons,  Rowe,  Hesselbach  and  Hasenclever  - 
Laboratory  of  Infectious  Diseases;  Drs.  Dewitt,  Warren,  Oliver 
and  Cheever  -  Laboratory  of  Tropical  Diseases.   Tissues  from  a 
small  number  of  animals  were  prepared  for  13  other  investigators. 

Polio  vaccine  studies,  control  and  experimental  aspects  continued; 
tissue  from  1,663  monkeys  were  processed  for  histopathologic  study. 


*  In  addition  one  technician  furnished  by  DBS  for  polio  vaccine  work, 
approximately  one-half  a  man  year. 
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Specimens 
Accessioned 

Stained 

slides 

Spare 
Slides 

Rout  ine 

Special 

Total 

Animals 

7,637 

8,627^ 

) 

Surgicals 

2,557 

5,447  r 

17, 758 y 

15,428 

Autopsies 

88 

1,0257 

y 

15,099 


48,285 


*Source  of  animal  material: 

DBS  1,828 

NIAMD  3,924 

Other  Institutes    1,885 


Part  B  included:  No. 


2n 


Serial  No.  NIAMD-LPH-7 

1.  Pathology  &  Histochemistry 

2.  Hematology 

3.  Bethesda 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  I960 

Part  A. 

Project  Title:  Goldthioglucose  obesity. 

Principal  Investigator:  Dr.  George  Brecher 

Other  Investigators:  Dr.  E,  P.  Cronkite  and  Dr.  I.  Schuarta 

Cooperating  Ifiiits:  BrooKhaven  National  Laboratory,  Medical  Department 

Man  Tears  (calendar  year  1960): 

Total:  lA 
Professioiial:  2/l2 
Other:  l/l2 

Project  Description: 

Objectives:  Mechanism  of  action  of  goldthioglucose  in  production  of 
obesity. 

Methods  employed:  Histologic  techniques  and  activation  analysis  of 

tissues  from  experimental  and  control  animals.  A  relatively  cool 
port  of  the  Brookhaven  reactor  is  used  for  periods  of  2  to  16 
hours,  with  minimal  damage  to  fixed  tissues  at  teggs.  of  60  to 
80°  C.  The  neutron  flux  "activates"  Au    to  Au   vhich  has  a 
halflife  of  2.7  days.  The  characteristic  y  at  0.411  Mev  is  used 
for  identification  of  gold  in  a  100  channel  analyser.  The  beta 
emission  is  well  suited  for  radioautography.  Localization  is 
made  in  thin  sections  prepared  within  2  or  3  days  of  activation, 
after  decay  of  the  more  energetic  but  very  shortlived  "hot* 
sodium.  The  sulfur  atom  of  goldthioglucose  can  be  traced  Ij 
allowing  2  weeks  for  decay  of  Au   ,  and  subsequent  radioautographs 
of  P^  (halflife  14.3  days)  produced  in  the  pile  from  S. 

Major  findings:  Gold  and  sulfur  localize  in  those  areas  of  the  brain 
in  which  necrosis  can  be  demonstrated  within  12  to  25  hours  of 
injection  of  goldthioglucose.  This  includes  portions  of  the 
hypothalamus,  but  also  part  of  the  anterior  commissure,  portion 
of  the  hippocampus  and  other  parts  of  the  limbic  system.  Compari- 
son of  early  and  late  radioautographs  indicates  that  there  is  no 
appreciable  loss  of  gold  or  sulfur  from  the  lesions,  but  there  is 
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increased  concentration  of  the  material,  as  the  relatively  large 
hypothalamic  lesion  contracts  into  a  very  narrow  scar.  Simul- 
taneous overloading  of  the  entire  organism  with  glucose  does  not 
prevent  localization  of  injected  goldthioglucose  in  the  charac- 
teristic areas  of  the  brain  nor  does  it  prevent  obesity.  This 
appears  incompatible  with  >fayer's  glucostatic  theory,  which 
assumes  a  peculiar  attraction  of  the  hypothalamic  feeding  center 
for  glucose,  accounting  for  localization  of  goldthioglucose  in 
the  hypothalamus. 

Significance  to  the  program  of  the  Institute:  Obesity  is  a  major 

health  hazard  in  this  covmtry,  and  any  insight  into  the  mechanism 
of  production  of  experimental  obesity  may  advance  our  knowledge 
of  the  physiologic  regulation  of  food  intake. 

Proposed  cotirse  of  project:  Renewed  and  increased  use  of  goldthio- 
glucose in  the  treatment  of  rheumatoid  arthritis  would  appear  to 
make  it  worthwhile  to  reinvestigate  its  distribution  throu^out 
the  body,  which  is  now  readily  possible  by  the  method  described 
above,  Prelijninary  findings  indicate  that  there  is  preferential 
localization  in  certain  parts  of  the  skeletal  system,  and  more 
extensive  investigation  both  in  normal  and  experimentally 
arthritic  laboratory  animals  in  cooperation  with  Dr.  Rogoff  of 
New  York  and  Dr.  Schwartz  of  Brooldiaven  is  contemplated. 


Part  B  included    No 
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Serial  No.  NIAMD-LPH-8 

1.  Pathology  &  Histochemistry 

2.  Hematology 

3.  Bethesda 
PHS-NIH 

Individual  Project  Report 
Calendar  Tear  I960 

Part  A. 

Project  Title:  Studies  on  nonnal  and  abnormal  hemoglobins. 

Principal  Investigator:  H,  A,  Itano 

Other  Investigators:  E,  A.  Robinson 

Cooperating  Units:  None 

Man  Years  (calendar  year  I960) : 

Total:  3-1/3 
Professional:  2 
Other:  1-1/3 

Project  Description: 

Objectives;  To  study  the  physical  chemistry,  biochemical  genetics, 
and  clinical  significance  of  the  normal  and  abnormal  hemo- 
globins. 

Methods  employed:  Moving  boundary  electrophoresis;  spectrophotometry; 
column  chromatography. 

Major  findings:  Mixtures  of  hemoglobin  recombine  asymmetrically  after 
dissociation  in  alkali  as  well  as  after  acid  dissociation.  Human 
hemoglobins  abnormal  in  either  the  a-chain  or  the  P-chain  have 
been  re combined  with  canine  hemoglobin.  The  composition  with 
respect  to  chains  of  the  products  of  these  recombinations  has 
been  determined  from  the  electrophoretic  patterns  of  the  resulting 
mixtures.  One  of  the  chains  of  canine  hemoglobin  combines 
specifically  with  normal  or  abnormal  a-chains  of  htmian  hemoglobin 
and  may  be  regarded  as  the  canine  analogue  of  human  ^-chains. 
The  other  chain  of  canine  hemoglobin  may  be  regarded  as  an 
analogue  of  the  a-chain  since  it  combines  specifically  id.th  the 
human  p-chain.  Further  familial  and  chemical  studies  on  hemo- 
globin Hopkins-2  has  established  that  the  a-chains  and  p-chains 
are  controlled  by  different  loci  and  that  the  chains  are  synthe- 
sized independently.  The  results  suggest  moreover  that  the 
chains  are  synthesized  in  identical  pairs. 

Significance  to  the  program  of  the  Institute:  Various  metabolic 
disorders  in  man  are  known  to  be  associated  with  inherited 
absence  or  decrease  of  a  particular  enzymatic  activity,  A 
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possible  mechanism  for  apparent  inhibition  of  activity  is  the 
synthesis  of  a  structurally  abnormal  enzyme  under  the  control 
of  a  mutant  gene.  Since  it  is  rarely  possible  to  obtain 
enzymes,  especially  human  enzymes,  in  adequate  purity  and 
quantity  for  chemical  and  physical  characterization,  this 
postulate  is  difficiilt  to  test  directly.  However,  current 
concepts  concerning  the  genetic  control  of  protein  synthesis 
are  equally  applicable  to  enzymes  and  to  proteins  not  classified 
as  enzymes.  The  adult  hemoglobins  of  man,  which  are  obtainable 
in  large  quantity  and  in  numerous  genetically  abnormal  forms, 
thus  provide  an  extremely  useful  system  in  which  experimental 
findings  will  provide  generally  applicable  information  on 
protein  synthesis  and  on  the  effect  of  mutations  on  protein 
structure. 

Proposed  course  of  project:  The  specific  pairing  of  identical  chains 
vdll  be  investigated  in  order  to  determine  v;hether  such  pairing 
merely  reflects  paired  biosynthesis  or  whether  unlike  pairs  are 
forbidden  by  structtiral  incompatibility. 


Part  B  included    Tes 
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Part  B.  Honors,  Airards,  and  Publications 

Publications  other  than  abstracts  from  this  paroject: 

Robinson,  E, ,  and  Itano,  H,  A.:  Asymmetrical  recombination  of  alkali- 
dissociated  haemoglobin  mixtures.  Nature  185:  5i^7-549,  I960. 

Itano,  H.  A,,  and  Robinson,  E, :  Specific  recombination  of  the  subunits 
of  hemoglobin.  Ann.  N.  Y.  Acad.  Sci.  88;  6/^2-654.,  1959. 

Robinson,  E,  A.,  and  Itano,  H.  A. s  Identification  of  the  recombinant 
products  of  canine  and  h\3man  haemoglobins.  Nature  186:  000-000,  I960, 
(in  press.) 

Itano,  H.  A.,  and  Robinson,  E.  A,:  Genetic  control  of  the  a-  and  p- 
chains  of  hemoglobin.  Proc.  Natl.  Acad.  Sci.  U.  S.  46:  000-000, 
i960.  (In  press.) 


Honors  and  Awards  relating  to  this  project: 

Editor,  Archives  of  Biochemistry  and  Biophysics,  I960- 
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Calendar  Tear  I960 

Part  A. 

Project  Title:  Regulation  of  hemopoiesis. 

Principal  Investigator:  Frederick  Stohlman,  Jr. 

Other  Investigator:  Archie  A,  MacKinney,  Jr. 

Cooperating  Iftiits:  Medical  Department,  Brookhaven  National  Laboratory. 

Man  Years  (calendar  year  I960): 

Total:  5-11/15 
Professional:  1-2/5 
Other:  it-l/3 

Project  Description: 

Objectives:  Study  of  red  cell  and  vhite  cell  turnover  with  particu- 
lar emphasis  on  the  determinants  of  rates  of  production  and  the 
mechanism  of  action  of  these  regulants.  Attention  is  also 
devoted  to  the  physiology  and  clinical  identification  of  dis- 
orders of  erythropoiesis. 

Methods  employed i^  Rates  of  red  cell  production  are  estimated  by 
means  of  Fe   incorporation,  retictilocyte  appearance  and  bone 
maiTow  morphology;  destniction  utilizing  Cr  ;  modification  of 
rates  of  erythropoiesis  is  achieved  by  varying  pO^^ concen- 
trations of  inspired  air,  hypertransfusion,  blood'T.oss, phenyl- 
hydrazine,  irradiation  and  the  administration  of  erythropoietine. 

Cellular  proliferation  in  marrow  and  peripheral  blood-  is  being 
studied  by  in  vitro  labeling,  using  tritiated  thymidine  aiad 
autoradiographs. 

The  stem  cell  problem  is  being  approached  by  culturing  cells 
from  the  peripheral  blood  in  vitro,  tagging  with  tritiated 
thymidine  to  study  the  kinetics  of  growth  under  these  circum- 
stances; eventually  transplantation  of  in  vitro  gro\m  "stem* 
cells  into  irradiated  animals  is  planned. 
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Major  findings: 


1,  The  mechanism  of  action  of  erythropoietine  has  been  de- 
termined, Erythropoietine  promotes  the  differentiation  of  a 
primitive,  imdifferentiated  stem  cell  into  erythroid  precvirsors, 

2,  Following  differentiation  from  stem  cells,  some  erythroid 
precursors  divide  several  times  diiring  the  maturation  process; 
others  mature  without  dividing.  It  is  thought  that  the  latter 
may  result  in  defective  erythrocytes  with  a  shortened  life  span. 
The  number  of  cells  using  this  alternate  pathway;  i.e.  mattiring 
without  division  will  vary  \d.th  the  physiologic  state;  under 
severe  hypoxia,  e.g.  phenylhydrazine  anemia,  a  substantial 
proportion  of  the  developing  erythroid  cells  will  develop  via 
this  alternate  path.  Here  shortening  of  life  span  of  the  red 
cells  has  been  demonstrated, 

3,  Following  irradiation  the  administration  of  erythropoietine 
by  differentiating  out  damaged  stem  cells  partially  depopulates 
the  stem  cell  compartment;  this  permits  earlier  regeneration  of 
the  compartment.  Recovery  of  erythropoiesis  after  400  r  whole 
body  radiation  can  be  shortened  from  6  to  5  days  by  giving 
erythropoietine  immediately  after  irradiation, 

4..  Erythropoietine  has  been  ineffective  in  in  vitro  systems, 
due  either  to  the  paucity  of  stem  cells  or  an  unfavorable 
environment. 

5.  Studies  on  the  relationship  of  the  polycythemic  response  to 
erythropoietine  dose  provide  further  evidence  for  the  dual  (or 
more)  control  of  erythropoiesis;  in  these  studies  no  correlation 
with  cell-age  distribution  could  be  established. 

3 

6.  Studies  on  the  toxicity  of  H  thymidine  indicate  that  doses 

of  10  }ic/gm  every  12  hours  for  four  doses  produces  stem  cell 
damage;  there  is  a  reduction  in  the  effectiveness  of^bone  marrow 
transplants  when  the  donors  have  been  treated  with  H  thymidine. 

7.  The  culture  of  mononuclear  (presumably  stem)  cells  from  the 
peripheral  blood  of  man  has  been  accomplished  and  study  of  the 
growth  kinetics  is  in  progress.  Also,  it  appears  for  the  first 
time  that  we  have  been  able  to  grow  cells  from  the  peripheral 
blood  of  rats. 
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Significance  to  the  program  of  the  Institute:  Anemia  is  a  common 
complication  of  arthritis  and  in  many  instances  may  be  con- 
sidered to  be  a  metabolic  disorder.  Understanding  of  the 
mechanisms  of  red  cell  regulation  are  not  only  of  basic 
interest  but  should  eventually  result  in  improved  therapy. 

Proposed  course  of  project:  Further  studies  on  erythropoiesis  will 
be  directed  at  \inderstanding  the  mechanism  of  regulation  of  the 
stem  cell  compartment;  the  importance  of  the  alternate  pathway 
for  development  of  red  cells  (i.e.  maturing  without  dividing) 
on  cell  life  span,  its  role  in  Fe  and  Cu  deficiency; and  whether 
eiythropoietine  produces  cells  with  a  shortened  life  span. 


Part  B  included       Yes 
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Part  Bt  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project* 

Stohlman,  F,  Jr.,  and  Brecher,  G. :  Effect  of  bone  marrow  activity 
on  erythropoietine  utilization.  Proc,  Vllth  Int.  Cong,  of  the  Int. 
Soc,  of  Hemat,,  vol.  II,  Rome,  Italy,  "II  Pensiero  Scientifico", 
1958,  pp.  1-4. 

Thomas,  E.  D. ,  Lochte,  H.  L.  Jr.,  and  Stohlman,  F.  Jr.:  Attempts  to 
develop  an  in  vitro  system  for  the  assay  of  erythropoietin.  J. 
Lab.  and  Clin.  Med.  ^t   311,  I960. 

Stohlman,  F,  Jr. :  Studies  on  the  mechanism  of  action  of  erythropoietine. 
Proc,  of  Vlllth  Int.  Cong,  of  Hemat.  In  press. 

Keighley,  G, ,  Lowy,  P.  H.,  Borsook,  H. ,  Goldwasser,  E. ,  Gordon,  A.  S., 
Prentice,  T.  C. ,  Rambach,  W.  A,,  Stohlman,  F,  Jr.,  and  Van  Dyke,  D,  C: 
A  cooperative  assay  of  a  sample  with  erythropoietic  stimulating 
activity.  Blood  16:  U24-U32,  I960, 

Stohlman,  F,  Jr. :  Observations  on  the  changes  in  the  kinetics  of  red 
cell  proliferation  following  inradiation  and  hypertransfusion. 
Blood  16:  1777-1787,  I960. 

Kliinan,cA. ,  Schmidt,  P,  J.,  Ho3re,  R,  C,  and  Stohlman,  F.  Jr.:  Survival 
of  Cr   labeled  red  cells  in  the  presence  of  anti  A,  and  anti  H. 
Transfusion.  In  press. 

59      51 
Stohlman,  F.  Jr.:  The  use  of  Fe   and  Cr   in  the  estimation  of  red 

cell  production  and  destruction.  Blood,  In  press. 
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Part  A. 


Project  Title:  Specific  chemical  difference  between  normal  hemoglobin 
(Hb-A)  and  Hb-I;  amino  acid  sequence  studies  of  the 
peptide  in  the  alpha-chain  herein  the  genetic  alteration 
takes  place. 

Amperometric  titration  of  sulfhydryl  groups  of  hemoglobin; 
effect  of  nitrosobenzene  and  its  derivatives  on  the 
nature  of  mercapto-^nercapto  interactions. 

The  combining  power  of  normal  human  hemoglobin  for  nitro- 
sobenzene derivatives;  conformational  changes  of  the 
peptide  chains  of  the  molecule. 

Rotatory  dispersion  studies  of  hemoglobin  and  its 
complexes  of  nitrosobenzene. 

Principal  Investigator:  Makio  Morayama 

Other  Investigator:  None 

Cooperating  Ifaitss  None 

Man  Tears  (calendar  year  I960) : 

Total:  1-2/3 
Professional:  1 
Others  2/3 

Project  Description* 

Objectives:  To  find  out  the  specific  chemical  differences  between  the 
normal  hemoglobin  (Hb-A)  and  Hb-I. 

To  study  the  underlying  mechanism  of  the  mercapto-mercapto 
interactions  in  hemoglobin  molecule. 

Methods  employed:  Isolation  of  the  peptide  by  paper  electrophoresis. 
Amino  acid  analyses  by  the  method  of  Spackman,  Moore,  and  Stein. 
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Mercapto  groTips  vere  studied  by  the  automatic  amperometric 

titration  apparatus. 

Rotatory  dispersion  xjas  studied  by  the  use  of  automatic  recording 
spe  c tropolar ime ter • 

Major  findings:  The  results  indicate  that  there  are  3  peptides 

containing  tryptophan  in  Hb-A  of  vhich  the  one  that  migrates  the 
fastest  towards  the  cathode  at  pfl  6,4  appears  to  contain  the 
amino  acid  lysine j  this  lysine  residue  becomes  aspartic  acid  in 
the  genetic  change.  Furthermore,  it  was  foujid  that  the  peptide 
is  in  the  alpha  chain  (N-terminal  Val.Leu.,,,)  of  the  molecule. 
In  contrast,  the  chemical  abnormalities  of  sickle  cell  hemoglobin 
(Hb-S)  and  Hb-C,  and  Hb-G  are  known  to  be  located  in  the  beta 
chain  (N-terminal  Val.His,L€u,.,.).  The  amino  acid  sequence  of 
the  peptide  appears  to  be  as  ^own  below: 

Hb-A    7al.Leu. , ,  .Ala,Val.Try,Gly,Lys,  .  ,  . 

Hb-I    Val.Leu,,,,  Ala,Val,Try.Gly,AgE.,,. 

Proposed  course  of  project:  iSmino  acid  sequence  studies  of  the 
peptide  beyond  Aspartic  Acid  will  be  undertaken.  It  is  also 
proposed  that  titratable  sulfhydryl  groups  of  hemoglobin  will  be 
studied  by  means  of  heavy  metal  ion  binding  using  the  rotating 
platinum  v±re   electrode  as  an  indicator  electrode.  Some  of  those 
factors  which  will  alter  the  mercapto-mercapto  interactions  will 
be  studied. 

Conformational  changes  of  protein  part  of  hemoglobin  molecule 
will  be  investigated  by  rotatory  dispersion  changes  as  a  function 
of  temperature,  solvent,  kinds  of  ligands  on  the  heme  plates 
and/or  mercapto  groups. 

Instrumentation:  Automatic  Amperometric  Titration  Apparatus:  the 
newly  constructed  instrument  is  essentially  "un-attended* 
instrument;  i.e.,  it  is  an  improved  apparatus  over  the  one 
previously  patented  by  this  investigator. 

jR  Stat:  This  is  an  improved  instrument  to  maintain  a  constant 
pH  by  continuous  addition  of  acid  or  base  during  a  reaction.  The 
electrometer  used  is  the  one  manufacttured  hy  Leeds  and  Northrup 
(pH  meter).  It  was  designed  in  this  laboratory  with  the  aid  of 
NIH  instrument  section,  so  that  the  signal  of  the  glass  electrode 
is  fed-back  to  a  Brown  servo  amplifier  which  "knows"  how  much  acid 
or  base  must  be  added  in  order  to  maintain  the  pH  value  (pre- 
determined). The  instrument  is  used  in  the  study  of  hemoglobin 
peptides,  acetylation  of  basic  amino  acids  and  the  like. 

Part  B  included     Yes 
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Part  B:  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project* 

Mtirayama,  M, :  The  combining  power  of  normal  hvnnan  hemoglobin  for 
nitrosobenzene,  J,  Biol,  Chem.  225.:  1024-1028,  I960. 

Murayama,  M. :  The  chemical  abnormality  in  hemoglobin-I.  Proc.  Vlllth 
Int.  Cong,  of  Hemat,  I960,  In  press. 
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Part  A 


Project  Title:  Pathogenesis  of  Eaqperimental  Arthritis  and 
Pathology  of  Eheumatism 

Principal  Investigator:  Leon  Sokoloff,  M.D. 
Other  Investigators:    None 

Cooperating  Units:      NIAKD-LNE,  Richard  S.  Yamamoto,  Ph.D, 

NHI-SUEG,  Stanley  Elinore,  M.D. 

Man  Years 

Total:       3.8 
Professional:  1 
Other:       2.8 

Project  Description: 

Objective ss 

1)  Investigation  of  factors  influencing  development  of  degenerative 
~  joint  disease  in  e:q)eriinental  animals. 

2)  Extending  descriptive  pathology  of  human  rheumatic  disease. 
Methods: 

1)  The  role  of  genetic  factors  in  osteoarthritis  is  being  studied 
~  in  mice  by  anatomic  and  certain  biochemical  means.  Comparative 

studies  of  this  lesion  also  are  being  ptirsued  in  other  species. 

2)  Anatomic  examination  of  articular  and  other  lesions  of  human 
""  rheumatism  is  being  e:q>anded. 

Major  Findings: 

1)  A.  The  genetic  studies  outlined  in  previous  reports  are  nearing 
"     completion.  It  appears  that  the  joint  disease  behaves  as  a 
recessivej  that  more  than  one  gene  is  involved^  and  that 
there  is  no  sex  linkage.  Strain  differences  in  plasma  lipid 
levels  have  been  demonstrated  in  these  animals,  although  not 
in  those  of  the  liver.  There  is  no  correlation  between  these 
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values,  plasma  glucose  concentrations,  hepatoma  foimation  or 
obesity  and  the  developnent  of  osteoarthritis. 

B.  Further  studies  of  the  pelvic  inflammatoiy  disease  of  male 
STR/IN  mice,  reported  previously,  are  under  way.  Culture 
failed  to  yield  growth  of  itycoplasma  or  other  unusual  agents 
from  these  animals.  Castration  appears  to  retard  its 
development  and  sexual  activity  is  without  infliience, 

C.  Further  examples  of  degenerative  joint  disease  in  old  birds 
have  been  observed.  A  paper  on  vertebral  coalescence  in  the 
giant  dinosaur  Diplodocus  longus  has  been  completed  in 
collaboration  with  Dr.  B.  S.  Blvmiberg. 

2)    The  findings  reported  in  last  year's  project  have  been 
expanded. 

A.  Histologic  studies  performed  during  I960,  in  addition  to 
3  necropsies  on  rheumatic  individuals,  includes 


Institution 

Skin 

Muscle 

Synovial 

Joints 
dissected 

Other 

Clinical  Center 
Mt.  Alto 
Other 

iiO 

2 

10 

37 

3 

11 

11 
8 
8 

108 
0 
0 

26 

2 

12 

Total  52       57        27       108      UO 


B.  In  the  stuc^  of  sclerosis  of  synovial  vessels  of  human  joints, 
a  survey  of  many  diarthroses  from  3  complete  necropsies 
disclosed  that  the  pulvinar  acetabuli  and  peripatellar 
vessels  are  the  sites  of  predilection,  but  finger,  toe  and 
stemoclavicxilar  joints  also  are  affected. 

C.  Additional  conditions  studied  include  prijnary  calcification 
of  articular  cartilage  (l)j  Touraine-Cole-Solente  syndrome 
(l)j  agammaglobulinemic  arthritis  (l)j  psoriatic  arthritis 
(2);  further  instances  of  rhe\3matoid  arteritis  (10) j  articular 
calcification  in  hyperparathyroidism  (l)j  lipohistiocytic 
arthropathy  (l)j  secondary  gout  (1). 

Proposed  course  of  the  projects 

1)    In  addition  to  completion  of  the  studies  now  under  way  two 
""     principal  courses  will  be  followed: 
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A.  Biomechanical  investigation  of  articular  cartilage  in 
relation  to  its  susceptibility  to  abrasion  will  be  studied 
in  e:xperimental  animals  and  in  human  tissues.  Resilience, 
friction  and  shear  will  be  studied.  Instruments  for  these 
studies  are  alreac^  in  design. 

B.  Further  nutritional  studies,  particularly  with  respect  to 
calcium  and  vitamin  A  metabolism,  are  planned  with  Dr.  0. 
Mickelsen. 

2)  The  anatomic  studies  will  continue  along  lines  previously 

followed.  The  vascular  lesions  will  be  characterized 
further  by  serial  reconstruction,  injection  and  comparative 
examination  in  non-hvman  species. 


Part  B  included 
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1217,  1959. 

Sokoloff,  L.,  Jay,  J.E.Jr.,  and  Randolph,  L.K.:  Variation  in  epiphyseal 
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Am.  J.  Physiol.  199:  203-208,  I960. 

Silverstein,  E. ,  Sokoloff,  L. ,  Jay,  G.E.Jr.,  and  Mickelsen,  0.:  Thyroid 
function,  osteoarthritis  and  epiphyseal  closure  in  various  strains  of 
mice.  Am.  J.  Physiol.  199:  209-211,  1560. 

Boylan,  R.  C. ,  and  Sokoloff,  L. :  Vascular  lesions  in  deimatomyositis.  Arth. 
&  Rheum.  3t  379-386,  I960. 

Sokoloff,  L. :  Comparative  Pathology  of  Arthritis.  In  "Advances  in  Veterinary 
Science"  (BrandOy,  C.A.  and  Jungherr,  E.L. ,  eds. )  Academic  Press,  N.  T. 
6:  19U-250,  1560. 

Silverstein,  E. ,  and  Sokoloff,  L. :  Periarthritis  produced  in  rats  with 
Freund's  adjuvant.  Arth.  &  Rhe\an.  (In  press,  Dec.  I960). 

Silverstein,  E.,  Sokoloff,  L.,  Jay,  G.E.  Jr.,  and  Mickelsen,  0.:  Prijnary 
polydipsia  and  iydronephrosis  in  an  inbred  strain  of  mice.  Am.  J.  Path. 
38:  (In  press,  Feb.  1961). 

Silverstein,  E. :  Urine  specific  gravity  and  osmolality  in  inbred  strains 
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258 


Serial  No.  NIAMD-LPH  12 
Page  5. 

O'Brien,  W.  M. ,  Banfield,  W.  G.,  and  Sokoloff,  L. :  Studies  on  the 

pathogenesis  of  ochronotic  arthropathy.  Arth.  &  SJheim.  (In  press,  1961). 

Sokoloff,  L.:  The  pathogenesis  of  rheumatoid  arthritis.  Hi  "Transactions 
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Project  Title:   Studies  on:  Histochemical  characterization  of  mammalian 
mucopolysaccharides;  morphological  aspects  of  catabolism 
in  relation  to  aging;  autoradiographic  localization  of 
specific  chemicals  in  tissues;  development  and  applica- 
tion of  histochemical  methods  for  nucleoprotein  and 
lipids;  histochemical  changes  in  diabetic  hamsters. 

Principal  Investigator:   Samuel  S.  Spicer 


Other  Investigators; 


J.  Axelrod,  H.  Bernhardt,  M.  S.  Bur stone, 

T.  B.  Dunn,  E.  Emmart,  D.  L.  Herman,  L.  Laster, 

R.  Neubecker,  L.  Warren,  S.  H.  Wollman, 

H.  Yergainian. 


Cooperating  Units: 


LCS-NIMH 

V.A.  Hospital,  Memphis,  Tenn. 

FID-NCI 

I^-NCI 

IJH-NIAMD 


Man  Years  (calendar  year  1960): 
Total:   3 
Professional:   1 
Other :  2 


Calif.  Tumor  Reg. 

AR-NIAMD 

Armed  Forces  Inst. 

of  Path. 

LPT-NIAMD 

LPHY-NCI 

Children's  Hosp., 
Boston,  Mass.  x 


Project  Description: 

Continued  investigation  into  the  histochemical  properties  of 
mammalian  mucopolysaccharides  has  delineated  two  general  types 
of  sulfomucins  in  each  of  which  the  individual  members  reveal 
basic  similarities  with,  however,  distinct  differences.   One 
strongly  acidic  group,  metachromatically  azurophilic  below  pH  0.6, 
alcian  blue  unreactive,  and  weakly  if  at  all  stained  by  the  PAS 
method  includes  the  familiar  mucoproteins,  the  chondroitin  and 
heparin  sulfates  as  well  as  certain  biochemically  unrecognized 
epithelial  mucins.   In  contrast  a  less  strongly  acidic  group, 
metachromatically  azurophilic  above  pH  1.0  and  strongly  alcian 
blue  and  PAS  reactive,  includes  autoradiographically  proven 
sulfomucins  in  the  pharynx,  stomach  and  small  and  large  intestine 
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in  several  species.  This  group  resembles  more  closely  the  mucoids 
of  biochemical  classifications,  although  no  sulfated  mucoids  have 
been  identified  biochemically.  These  results  in  general  substan- 
tiate the  autoradiographic  evidence  for  the  occurrence  of  epithelial 
sulfated  mucins  and  provide  further  information  concerning  the 
chemical  variability  of  such  polymers. 

Histochemical  evidence  for  existence  of  periodate  negative  as 
distinct  from  periodate  reactive  sulfated  mucins  is  obtained  from 
the  use  of  diamines  in  place  of  Schiff  reagent  as  employed  in  the 
periodic  acid  diamine  (P.A.D.)  method  which  was  developed  in  the 
course  of  these  studies.   This  procedure  distinguishes  neutral  from 
periodate  reactive  sulfo-  and  sialomucins  and  further  differentiates 
periodate  negative  sulfomucins.  Additional  identification  of 
periodate  reactive  sulfated  or  sialic  acid  containing  mucins 
derives  from  the  selective  staining  of  such  polymers  by  a  periodic 
acid-phenylhydrazine-Schif f  technique. 

In  collaboration  with  Drs.  R.  Neubecker  and  L.  Warren  the  mucins  in 
benign  and  malignant  human  breast  lesions  have  been  identified  as 
sialomucins.   Interest  in  this  study  relates  to  the  question  arising 
from  the  observed  extreme  variability  of  epithelial  mucins,  as  to 
whether  knowledge  of  the  type  of  mucin  in  a  metastatic  tumor  may  aid 
in  determining  the  origin  of  the  tumor  in  cases  where  the  primary 
site  is  unknown.   In  collaboration  with  Dr.  Warren  histochemical 
differences  between  the  several  sialomucins  of  beef  swine  salivary 
glands  are  being  correlated  with  biochemical  structural  differences. 
Histochemical  classification  of  the  mucins  in  cases  of  lung  cancer 
and  pseudomyxoma  peritonei  is  presently  under  investigation  in 
material  submitted  by  Drs.  D.  L.  Herman  (Calif.  Tumor  Registry) 
and  H.  Bernhardt  (V.A.  Hospital,  Memphis,  Tenn.)  respectively. 
Histochemical  study  of  the  acidic  mucins  elaborated  in  the  lung 
and  pancreas  in  cases  of  mucoviscidosis  gives  no  indication  that 
they  contain  sialic  acid,  leaving  the  probability  as  yet  uninvesti- 
gated that  they  contain  a  periodate  reactive  type  of  sulfomucin. 
Investigation  of  the  mucopolysaccharides  in  human  intestinal 
biopsies  in  normal  and  pathological  states  continues  in  collabora- 
tion with  Dr.  L.  Laster. 

Application  of  the  histochemical  method  for  iron  has  revealed 
intraepithelial  accumulations  of  cytosiderin  in  salivary  glands, 
accessory  sex  glands  or  the  choroid  plexus  in  several  rodents. 
Bodies  stained  uniquely  by  the  peracetic  acid  aldehyde  fuchsln 
(PAAF)  method  and  presumably  composed  of  lipofuscin  also  have  been 
found  in  the  same  or  different  sites.   Strong  acid  phosphatase 
activity  often  accompanies  the  particles  of  cytosiderin  and  lipo- 
fuscin. The  relationship  of  these  particles  to  normal  aging 
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processes  and  to  the  catabolic  disposal  of  "worn  out"  cytoplasmic 
macromolecules  is  under  investigation.  PAAF  stained  bodies  of  as 
yet  unknown  significance  as  well  as  strong  acid  phosphatase 
activity  has  been  observed  in  human  parathyroid  glands. 

A  collaborative  study  with  Dr.  J.  Axelrod  attempts  by  the  auto- 
radiographic technique  to  localize  histologically  the  intravenously 
administered  trititam  labled  adrenaline  known  from  tracer  studies 
to  be  concentrated  in  the  adrenals,  salivary  glands  and  spleen. 
The  autoradiographic  method  is  being  utilized  also  as  a  means  of 
visualizing  results  of  organic  chemical  reactions  carried  out  with 
labled  reagents  directly  on  tissue  sections. 

The  nature  of  hematoxyphilic  bodies  observed  by  Dr.  T.  B.  Dunn  in 
cortical  cells  of  Zenker  fixed  adrenal  glands  has  been  investigated. 
The  bodies  result  from  precipitation  of  mercuric  salts  in  the  lipid 
rich  cells.   It  appears  that  phospholipids  in  adrenal  cortical 
cells  as  well  as  some  ovarian  follicular  cells  and  myelinated 
nerve  fibers  in  the  central  nervous  system,  although  not  neutral 
fat  in  adipose  tissue,  characteristically  precipitate  HgCl„  in 
small  deposits  during  fixation. 

Experience  has  been  gained  in  applying  the  Feulgen-methylene  blue 
method  developed  for  specifically  differentiating  deoxyribonucleic 
from  ribonucleic  acid.   A  method  using  Biebrich  Scarlet  at  alkaline 
pH  for  localizing  nucleohistone  has  been  developed  and  applied  to 
the  study  of  the  distribution  of  histones  in  benign  and  malignant 
tissue. 

It  has  been  found  that  the  pancreatic  islets  in  diabetic  Chinese 
hamsters  sent  to  N.I.H.  by  Dr.  H.  Yergainian  lack  the  abundant 
material  visualized  in  the  islets  of  all  normal  rodents  by  the 
peracetic  acid  aldehyde  fuchsin  procedure. 

In  collaboration  with  Dr.  E.  Emmart,  the  fluorescent  antibody 
technique  has  been  applied  to  the  histochemical  localization  of 
tissue  antigens  including  enzymes  and  hormones. 
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Spicer,  S.  S.,  and  Warren,  L. :  The  Histochemistry  of  Sialic  Acid 
Containing  Mucoproteins.   J.  Histochem.  Cytochem.  8^,  135-137,  1960. 

Spicer,  S.  S.,  and  Meyer,  D. :  Histochemical  Differentiation  of  Acid 
Mucopolysaccharides  by  Means  of  Combined  Aldehyde  Fuchsin-Alcian  Blue 
Staining.  Am.  J,  of  Clin.  Path.  33,  453-460,  1960. 

Spicer,  S.  S.:   Siderosis  Associated  with  Increased  Lipofuscins  and 
Mast  Cells  in  Aging  Mice.  Am.  J.  of  Path.  2I>  457-475,  1960. 

Spicer,  S.  S.,  Wollman,  S.,  Warren,  L. :   Histochemical  Demonstration 
of  Sialomucin  in  Transplantable  Thyroid  Carcinoma.  Am.  J.  of  Path.  37, 
599-611,  1960. 

Spicer,  S.  S.,  and  Dunn,  T. :  Reducing  Bodies  in  the  Adrenal  Medulla 
Fixed  with  Zenker -For mo 1.   J.  Nat.  Cancer  Inst.   In  press. 

35 
Spicer,  S.  S.,  Burtner,  H.,  Swarm,  R.:   Basophilia  and  S   Label  in 

Mucins.   J.  Lab.  Invest.   In  press. 

Spicer,  S.  S.:   Histochemical  Differentiation  of  Sulfated  Rodent  Mucins. 
First  Int.  Cong,  of  Histochem.  Cytochem.   In  press. 

Warren,  L. ,  and  Spicer,  S.  S.:   Biochemical  and  Histochemical  Investiga- 
tion of  Sialic  Acid  Containing  Mucins  of  Rodent  Vagina  and  Salivary 
Glands.   J.  Histochem.  Cytochem.   In  press. 

Spicer,  S.  S.,  and  Jarrels,  M. :  Histochemical  Reaction  of  an  Aromatic 
Diamine  with  Acid  Groups  and  Periodate  Engendered  Aldehyde  in  Muco- 
polysaccharides.  J.  Histochem.  Cytochem.   In  press. 
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Project  Title:  The  cyto logical  localization  of  proteins  and  enzymes, 
both  exogenous  and  endogenous  by  the  fluorescent 
antibody  technique. 

Principal  Investigator:  Dr.  E.  W.  Emmart 


Other  Investigators; 
Cooperating  Units: 


Dr.  Einer  Helander,  Dr.  Marion  Webster  and 
Dr.  H.  Moriya,  and  Dr.  S.  S.  Spicer 

LPB-NIAMD  (Dr.  Helander) 

LCVP-NHI  (Drs.  Webster  and  Moriya) 

LPH-NIAMD  (Dr.  Spicer) 


Man  Years  (calendar  year  1960): 
Total:   2 
Professional:   1 
Other:   1 

Project  Description: 

(a)  Streptococcal  hyaluronidase  and  antihyaluronidase:  This 
study  is  the  culmination  of  a  series  of  studies  beginning  with 
the  isolation  of  streptococcal  hyaluronidase  and  the  development 
of  antibody  to  this  enzyme.   This  was  followed  by  the  intravenous 
injection  of  this  enzyme  into  mice,  and  its  localization  in  various 
tissues  by  fluorescent  antisera.   Investigations,  following  strepto- 
coccal infection,  showed  the  presence  of  the  enzyme  elaborated 

in  vivo  by  the  invading  bacteria.   Dual  use  of  f luorochromes, 
lissamine  rhodamine  B  bound  to  Group  C  streptococcal  antisera  and 
fluorescein  bound  to  antihyaluronidase  globulin,  were  used  to 
demonstrate  in  sections  both  the  organism  and  the  enzyme. 

(b)  Study  of  the  distribution  of  muscle  proteins  in  the  fibers  of 
the  conduction  system  of  the  beef  heart:   By  means  of  fluorescent 
antibody  to  myosin  the  presence  of  myosin  was  demonstrated  in  the 
fibers  of  the  Purkinje  cells  of  the  conduction  system  of  the  beef 
heart.   The  fluorescent  antigen- antibody  precipitate  sharply 
delineates  the  Purkinje  cells  of  the  system  from  the  surrounding 
connective  tissue,  and  facilitates  the  understanding  of  the 
morphology  of  the  node,  the  common  trunk,  and  the  right  ventricular 
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bundle.  Within  the  node,  where  cell  division  is  frequent,  the 
fluorescent  antisera  to  myosin  sharply  delineated  the  morphogenesis 
of  the  cells  within  the  center  of  the  node.  The  Purkinje  cells 
form  a  honeycomb  of  contractile  tissue  within  which  connective 
tissue  fibers,  nerves,  and  blood  vessels  penetrate.   The  Purkinje 
cells  of  this  area  have  fewer  fibers,  highly  differentiated  cyto- 
plasm, and  large  and  numerous  mitochondria,  which  show  at  various 
stages  of  development  a  differential  response  to  dyes.  Antigens 
for  this  study  were  prepared  by  Dr.  Helander  from  muscle  of  beef 
heart. 

(c)  Localization  of  glyceraldehyde-3-phosphate  dehydrogenase  in 
the  muscle  of  the  roach,  Periplaneta  americana  by  means  of 
fluorescent  antibody:   Because  glyceraldehyde-3-phosphate  dehydro- 
genase plays  an  important  role  in  the  intermediate  steps  in 
glycolysis,  especially  in  rapidly  moving  muscles  of  insects,  this 
enzyme  was  studied  in  the  roach,  Periplaneta  americana.   The  avail- 
ability of  the  material,  the  large  size  of  fibers  and  nimbers  of 
mitochondria  greatly  facilitated  this  study.  This  enzyme  was 
found  to  be  present  in  the  mitochondria  of  both  wing  and  leg 
muscles.  A  study,  nearing  completion,  has  been  made  on  freshly 
teased  fibers  stained  with  fluorescein  bound  to  antibody  prepared 
in  guinea  pigs  following  the  injection  of  the  enzyme.  The  enzyme, 
5  times  recrystallized,  was  obtained' commercially.   The  problem 
will  be  extended  to  include  selected  mammalian  tissues  in  which 
this  enzyme  plays  an  important  role. 

(d)  Studies  in  collaboration  with  Dr.  Marion  Webster  (NHI)  on  the 
antibody  to  kallikrein:  Rabbits  were  immunized  with  a  partially 
purified  human  urinary  kallikrein.   Immuno- chemical  tests  in  agar 
demonstrated  the  heterogeneity  of  the  antigen.  Although  this 
immune  sera  inhibited  the  enzyme  activity  in  the  dog,  immuno- 
chemical studies  and  esterolytic  studies  of  the  antigen-antibody  . 
complex  suggested  that  the  antibody  formed  to  the  kallikrein  was 
non-precipitating.   Further  studies  are  planned  to  see  if  rabbits 
under  prolonged  immunization,  or  with  different  inoculation 
procedures  will  develop  precipitating  antibody. 
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Cytochem.,  8,  no.  4,  273-283,  1960. 

Enmart,  E.  W.,  and  Helander,  E.:   Distribution  of  Muscle  Protein  in  the 
Fibers  of  the  Conduction  System  of  the  Beef  Heart,  A.M.A.  Arch,  of 
Path.   In  press. 
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Part  A 


Project  Title:  Hi sto chemical  Demonstration  of  Proteolytic 

Enzymes  and  Physiologic  Compooinds  in  Noimal  and 
Pathologic  Tissues 

Principal  Investigator:  Dr.  G.  G.  Glenner 

Other  Investigators:    None 

Cooperating  Units:      NIAMD-LC,  Dr.  L.  A.  Cohen 


NCI-LCP,  Dr.  M.  Chirigos 


Man  Teaw 


Total:       2-V2 
Professionals  1 
Other:       1-1/2 

Project  Description: 

Studies  on  the  presence  of  proteolyiiic  enzymic  activity  in  the 
stroma  of  invasive  tvimors  and  in  noimal  tissues  is  continuing 
using  diverse  histochemical  techniques.  By  means  of  a  gelatin 
plate  method  investigation  of  the  localization  of  catheptic 
activity  in  pathologic  conditions  is  in  progress.  VJith  a  series 
of  newly  synthesized  esters  of  epsilon-amino  caproic  acid,  esterol- 
ytic  activity  having  characteristics  varying  from  those  previously 
described  hi  sto  chemically  has  been  demonstrated  by  azo   coupling 
techniques  in  many  tissues;  other  characteristics  of  this  activity 
are  under  investigation.  A  series  of  substrates  hydrolyzed  by  a 
specific  amidase  acting  upon  acylated  aromatic  amines  has  been 
synthesized  and  the  localization  of  the  hydrolysis  products  in 
normal  and  pathologic  tissues  as  well  as  a  definition  of  the  enzyme 
(only  cursorily  described  in  the  biochemical  literature)  is  in 
progress. 

In  order  to  more  accurately  demonstrate  the  sites  of  numerous 
dehydrogenases  in  tissue  sections  with  the  elimination  of  false- 
positive  localization  a  new  route  for  the  synthesis  of  pure 
ditetrazolium  salts  has  been  developed,  A  screening  method 
using  a  modified  me thenamine- silver  technique  for  the  demonstration 
of  Endomebae  has  been  applied  to  pathologic  tissues  for  routine 
diagnostic  p'lrposes. 
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Part  B:  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Kellog,  D.  A.,  and  Glenner,  G.  G.:  Histochordcal  localization  of  human, 
term  placental  17P-estradiol  dehydrogenases:  implications  for  the 
transhydrogenase  reaction.  Nature  18?:  763-76U,  I960. 

Takeuchi,  T. ,  and  Glenner,  G.  G. :  Histochemical  demonstration  of  a  pathway 
for  polysaccharide  synthesis  from  uridinedisphosphoglucose.  J.  Histochem. 
Cytochem.  8:  227-230,  I960. 

Takeuchi,  T. ,  and  Glenner,  G,  G. :  Histochemical  demonstration  of  UDPG- 
glycose  transferase  in  animal  tissues.  J.  Histochem.  Qytochem.  9t— 
in  press.  ~ 

Glenner,  G.  G.:  Tetrazolium  Salts.  Chapt.  in  Biological  Stains  (Ed.  H.  J. 
Conn).  7th  Ed.,  W.F.  Humphrey  Press,  Geneva,  N.Y.  in  press. 
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PHS-NIH 
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Calendar  Year  I960 


Part  4 


Project  Title:     Studies  on  Renal  Structure  and  Function 

Principal  Divestigator:     Dr.  J.  B.  Longley 
Other  Investigatorsj  None 

Cooperating  Units:  None 

Man  Yeai« 

Total:       1 
Professional:  l/2 
Other:       l/2 

Project  Description: 

The  functions  of  the  straight  and  convoluted  segments  of  the  rat 
proximal  tub\d.e  which  differ  distinctly  with  respect  to  their  handling  of 
phenol- or  chlorphenol  red,  were  investigated  in  respect  to  a  number  of  other 
phenolsulfonaphthalein  djes.     Several  c^es  were  fotind  to  behave  similarly  to 
the  ones  previously  studied.  Others  were  bound  to  be  accumulated  by  the 
convoluted  segment  only  and  still  others  to  show  no  apparent  accumulation  at 
all.  No  correlation  between  the  physical  or  chemical  characteristics  of  the 
dyes  studied  and  their  handling  by  the  kidney  has  yet  been  established.  This 
project  was  transferred  to  Georgetown  University  under  USFHS  Research  Grant 
Af-l4U58  effective  July  1,  1^60. 


Part  B  not  included. 
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Project  Titles 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  I960 


<^ological  Studies  of  Genes  and  Chromosomes  in 
Noimal  and  Pathologic  Conditions 


Principal  Investigator:     Dr.  J,  H.  Tjio 


Other  Investigators: 
Cooperating  Units: 


None 

NCI-GM,   Dr.  J.  mang 
NCI-LFHY,  Dr.  S.  Wollman 
NIAIB-LCBjDr.  E.  Krooth 
NCI-E,    I&:.  G.  Ross 
Dept.  of  Biophysics,  Univ.  of  Colorado, 
Denver,   Dr.  T.  T.  Puck  and 
Dr.  A.  Robinson 


Man  Tears 

Total:       2-1/2 
Professional:  1 
Others:      1-1/2 

Project  Description: 

HUMAN  GYTOGEI^TICS:  During  the  past  year  the  chromosomal 
constitution  (number  and  morphology)  in  skin  cells  grown  in  vitro 
and  in  the  marrow  cells  from  30  patients  with  congenital  anomalies 
and  l5  patients  with  acute  leukemia  have  been  examined.  This  woik 
has  been  done  largely  in  collaboration  with  Dr.  T.  T.  Puck  and 
Dr.  A.  Robinson  of  the  Department  of  Biopl^sics,  University  of 
Colorado,  Denver,  and  Dr.  J.  Whang  (NCI-GM),  Dr.  R.  Krooth  (NIAID- 
LCB),  and  Dr.  G.  Ross  (Endocrinology  Branch  NCI).  The  patients 
had  the  following  clinical  diagnosis:  Turner's  syndrome; 
Klinefelter' s  syndrome j  Marfan's  syndrome j  ovarian  dysgenesis  with 
vestigeal  medullary  component;  congenital  brain  defect  associated 
with  abnormality  (supra  numerary  digit  of  both  hands  and  facial 
bone  abnormality);  multiple  abnormalities  of  the  brain  and  facial 
skeleton  and  red  cells  reacting  with  both  Lewis  (A)  and  Lewie  (B) 
antisera;  Hand-Schuller^Christian  disease;  neurofibrraiatosis; 
aspermia;  galactosemia  and  vitamin  D  iresietant  ricketts.  Of  these 
cases,  one  Txxmer's  syndrome  patient  had  a  U5/X0  constitution 
and  another  one  who  had  also  leukemia  had  U6/XX.  the  Klinefelter'8 
syndrome  Ut/XXT  constitution,  while  two  of  the  h  Marfan's  cases 
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studied  have  a  greatly  enlarged  satellite  on  one  of  the  chivmosomes 
of  pair  13  and  21  respectively.  Heterozygosity  for  the  satellite 
size  of  some  of  the  6  satellited  chromosome  pairs  was  also  observed 
in  the  patient  with  ovarian  dysgenesis  with  vestigeal  medallaiy 
component  and  the  one  with  congenital  brain  defect  associated 
with  abnormality  (Supra  nimeraiy  digit  on  both  hands  and  facial 
skeleton  abnormalities).  The  rest  of  the  cases  appears  to  have 
a  normal  karyotype. 

CYTOLOGICAL  TECHNIQUE t  In  collaboration  with  Dr.  J.  Whang  of 
the  NCI  a  simplified  method  has  been  developed  for  the  stu(^  of 
chromosomes  of  bone  marrow  cells  without  prior  in  vitro  growth, 
which  has  been  used  with  good  results  on  marrownProm  rat,  mouse, 
hamster,  frogs,  chicken,  m.onkey  and  man.  This  method  should  be 
usefvG.  for  the  stuc^  of  the  relationship  of  chromosomal  anomalities 
to  the  pathogenesis  of  leukemia  and  to  follow  up  the  effect  of 
anti-leukeraic  treatments  on  the  chromosomes.  Furthermore,  no 
elaborate  instruments  or  laborious  handling  of  the  biopsy  material 
which  are  necessary  for  tissue  cultures  are  needed, 

CANCER  CHROMOSOME  CYTOLOGY;  In  collaboration  with  Dr.  S.  VJollman 
NCI,  an  investigation  of  the  chromosome  constitution  of  a  series 
of  his  transplantable  thyroid  tumors  of  the  rat  has  been  initiated. 
Various  lines  of  these  timers  possess  a  wide  variety  of  biochemical, 
morphological  properties  and  rates  of  growth.  An  attempt  is  being 
made  to  see  if  the  properties  of  the  lines  could  be  correlated  to 
their  chromosomal  pattern.  So  far  we  have  found  that  two  lines 
which  are  non- functional  and  anaplastic  have  stem  line  numbers 
which  are  respectively  h   and  6  chromosomes  less  than  the  normal 
tissue  of  the  rat,  while  the  stem  line  of  a  third  line  with  only 
moderate  de- differentiation  differs  frani  the  normal  chromosome 
number  by  only  a  single  chromosome.  This  project  has  turned  out 
to  have  bearing  on  a  project  vindertaken  by  Dr.  G.  Rose,  NIAMD.  He 
tried  to  use  preparations  of  DNA  obtained  from  a  tiimor  which  could 
incorporate  iodine  into  organic  compounds  to  induce  this  ability 
in  tumors  which  have  lost  this  capacity.  The  present  observation 
that  loss  of  function  in  some  tumors  might  possibly  be  correlated 
with  gross  chromosomal  aberration  rather  than  point  mutations, 
suggests  that  these  tumors  may  not  be  a  suitable  material  for 
transformation  studies.  In  collaboration  with  Dr.  J.  Whang 
a  screening  of  the  chromosomes  of  NIH  leukemia  patients  has  been 
initiated.  Thus  far  ih  patients  have  been  studied. 


Part  B  included 
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Publications  other  than  abstracts  from  this  project: 

Puck,  T.  T.,  Robinson,  A.,  and  Tjio,  J.  H. :  Familial  Primary  Amenorrhea 
due  to  Testicular  Ferninization:  A  Human  Gene  Affecting  Sex 
Differentiation.  Proc.  Soc.  Exp.  Biol,  and  Med.  1Q3:  192-196,  I960. 

Tjio,  J.  H. ,  Puck,  T.  T. ,  and  Robinson,  A.:  The  Human  Chromoscmal 

Satellites  in  Nonnal  Persons  and  in  Two  Patients  with  Marfan' s  Syndrome. 
Proc.  Nat.  Acad.  Sci.  U6:  532-539,  I960. 
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Part  A 


Project  Title:  Histocheraical  Studies  on  Phosphoiylating  Enzymes 

Principal  Investigator:  Dr.  T.  Takeuchi 
Other  Investigators:    None 
Cooperating  Units:      None 

Man  Tears 

Total:       2-1/2 
Professional:  1 
Other:        1-1/2 

Project  Description: 

Studies  on  the  localization  in  tissue  sites  of  polysaccharide  synthesis 
have  resulted  in  the  development  of  a  histochonical  method  for  the  cellular 
localization  of  enzymic  activity  foiming  polysaccharides  fi«m  uridinedi- 
phosphate  glucose.  This  method  localizes  UDPG  glycogen  transferase  activity 
by  iodine  staining  of  the  polysaccharide  products  resvilting  from  enzymic 
activity  when  tissue  sections  are  incubated  in  a  medium  containing  UDPG,  a 
glycogen  primer  and  glucose-6-phosphate  as  activator.  The  enzyme  has  been 
localized  to  numerous  tissue  sites  and  its  activity  compared  to  that  of 
amylophosphoiylase  in  these  areas.  Further  investigation  has  resiilted  in 
the  development  of  a  method  for  the  histocheraical  localization  of  uridine- 
triphosphate-pyrophosphoiylase  in  tissue  sections. 


Part  B  included 
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Publications  other  than  abstracts  from  this  project: 

Takeuchi,  T. ,  and  Glenner,  G.  G. :  Histochemical  demonstration  of  a  pathw^ 
for  polysaccharide  synthesis  from  uridinediphosphoglucose.  J.  Histochem. 
Cytochem.  8s  227-230,  I960. 

Takeuchi,  T. ,  and  Glenner,  G.  G.t  Histochemical  demonstration  of  UEPG- 
glycogen  transferase  in  animal  tissues.  J.  Histochem.  Cytochem.  9j 
in  press.  " 
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PHS-NIH 
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Part  A 


Project  Title:  Estimation,  Metabolism  and  Function  of  Spermine, 
Spermidine,  and  Related  Polyamines 

Principal  Investigators;  Herbert  Tabor,  Celia  W.  Tabor, 

Sanford  M.  Rosenthal,  ajid  Graham  A.  Jamieson 

Other  Investigator:  T.  Viswanatha 

Cooperating  Units:  None 

Man  Years  (calendar  year  I960): 
Total:  3-1/3 
Professional:  2-1/3 
Other:  1 

Project  Description: 

Objectives:  The  importance  of  these  polyajnines  is  shown  by  their 
wide  distribution  in  viruses,  bacteria,  plant  and  animal  cells.  Studies  are 
conducted  to  elucidate  their  metabolism  and  function,  and  relation  to  disease. 

Methods ;  The  amines  are  studied  by  isotopic  labeling  and  special 
chromatographic  techniques,  using  bacteria  and  animals  as  test  objects. 
Studies  have  also  been  carried  out  on  the  viability  and  integrity  of 
bacteriophage,  bacteria,  protoplasts,  and  mitochondria. 

Ma.ior  Findings; 

(l)  Stabilization  of  protoplasts,  mitochondria,  and  bacteriophage. 

(a)  Low  concentrations  of  spermine  prevent  the  lysis  of  protoplasts 
that  occurs  in  hypotonic  media. 

(b)  Spermine  prevents  swelling  of  mitochondria. 

(c)  As  little  as  2  X  10   M  spermine  prevents  the  loss  of  infectivity 
of  bacteriophage  T5  and  A  that  occvirs  in  versene-containing 
solutions. 

Part  B  included   [x]  Yes  [  ]  No 
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(d)  Sperinine  prevents  the  lysis  of  protoplasts  and  mitochondria  that 
otherwise  occurs  upon  treatment  with  fatty  acids. 

(2)  Spermine  inhibits  the  cytochrome  C- induced  oxidation  of  fatty  acids. 

(3)  Further  purification  of  the  enzymes  concerned  with  spermidine  biosynthe- 
sis has  been  carried  out: 


(a)  Methionine-activating  Enzyme  (purified  I5OO  fold) 

Lmethi( 

P-P  +  P 


Adenosine  triphosphate  +  methionine  -^ — 7  adenosylmethionine  + 


(b)  Adenosylmethionine  Decarboxylase  (purified  20  fold) 
Adenosylmethionine  — ^^ — 7  decarboxylated  adenosylmethionine  +  CO2 

(c)  Propylamine  Transferase  (pvirified  1000  fold) 

Decarboxylated  adenosylmethionine  +  diaminobutane  "*•  spermidine  + 

thiomethyladeno  sine 

In  reaction  (c)  methylthioadenosine  has  now  been  isolated  and 
characterized. 

Synthetic  procedures  have  been  developed  for  the  synthesis  of 
decarboxylated  adenosylmethionine  and  its  analogs. 

(4.)  Further  work  has  been  carried  out  on  the  nature  of  the  "glutathione- 

conjiigate"  of  spermidine  (see  report  of  Dr.  T.  Vis^vanatha  of  Section  on 
Biochemistry  of  Amino  Acids,  LPT). 

(5)  Acetylation  of  the  polyamines  by  Staphylococcus  aureus  occurred  when  the 
organisms  were  grown  in  synthetic  medium  containing  the  amines. 

Significance  to  NX AMD  Research;  The  findings  of  the  ciirrent  year 
indicate  that  the  polyamines  are  important  in  problems  of  permeability  and 
stability.  It  seems  likely  that  these  effects  are  closely  related  to  the 
relationship  of  these  amines  to  nucleic  acids  and  to  phospholipids.  The  wide 
significance  of  these  amines  is  indicated  both  by  these  relationships  as  well 
as  by  their  wide  occurrence  in  plants,  microbial,  and  animal  tissues. 

Proposed  Course  of  Project;  Further  studies  on  the  metabolism  and 
function  of  the  polyamines.  Particular  attention  will  be  directed  towards 
their  relationship  to  the  structural  and  functional  integrity  of  nucleic  acid 
Eind  phospholipids. 

Eventually  we  hope  to  define  clearly  the  role  of  the  polyamines  in 
normal  physiological  processes,  as  well  as  to  e^qjlain  such  pathological 
actions  as  the  production  of  renal  damage. 
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Publications  other  than  abstracts  from  this  project: 


Dubin,  D.  T. :  Evidence  for  conjugates  between  polyamines  and 
glutathione  in  E.  coli.  Biochem.  Biophys.  Research  Communs.  1:  262-265, 
1959. 

Tabor,  C.  W. :  Stabilizing  effect  of  spermine  and  related  amines  on 
mitochondria  and  protoplasts.  Biochem.  Biophys.  Research  Communs.  2: 
117-120,  I960. 

Jackson,  E.  L..  and  Rosenthal,  S.  M. :  The  preparation  of  C'^-labeled 
spermine  and  C-^-labeled  spermidine.  J.  Org.  Chem.  2^:  1055-1056,  I960. 

Ames,  B.  N.,  and  Dubin,  D.  T.:  The  role  of  polyamines  in  the 
neutralization  of  bacteriophage  deoxyribonucleic  acid.  J.  Biol.  Chem. 
;:  769-775,  I960. 


Dubin,  D.  T.,  and  Rosenthal,  S.  M. :  The  acetylation  of  polyamines  in 
Escherichia  coli.  J.  Biol.  Chem.  2^:  776-782,  I960. 

Dubin,  D.  T. :  The  assay  and  characterization  of  amines  by  means  of 
2,4.-dinitrofluorobenzene.  J.  Biol.  Chem.  2^^:  783-786,  I960. 

Tabor,  H. :  Stabilization  of  bacteriophage  T5  by  spermine  and  related 
polyamines .  Biochem.  Biophys.  Research  Communs.  ^;  382-385,  I960. 

Tabor,  C. :  Propylamine  transferase  (spermidine  synthesis).  Adenosyl- 
methionine  decarboxylase.  In  Colowick,  S.  P.,  and  Kaplan,  N.  0.  (eds.); 
Methods  in  Enzymology.  New  York,  Academic  Press,  Inc.,  1961,  vol.  5. 
In  press. 

Tabor,  C.  W. ,  and  Rosenthal,  S.  M. :  Determination  of  spermine  and 
related  compounds.  In  Colowick,  S.  P.,  and  Kaplan,  N.  0.  (eds.): 
Methods  in  Enzymology.  New  York,  Academic  Press,  Inc.,  1961,  vol.  6. 
In  press. 

(10)  Tabor,  H.,  Tabor,  C.  W.,  and  Rosenthal,  S.  M. :  Spermidine  and  spermine. 
In  Luck,  J.  M.  (ed.):  Annual  Review  of  Biochemistry.  Palo  Alto, 
California,  Annual  Reviews,  Inc.,  1961,  vol.  30.  In  press. 
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Project  Title:  Metabolism  of  Histidine,  Histamine  and  Related  Imidazoles 

Principal  Investigators:  Herbert  Tabor,  Gavin  M.  Crowley,  John  Wolff, 

Hugo  Bauer,  and  Alan  Peterkofsky 

Other  Investigator:  Virginia  Childs 

Cooperating  Units:  None 

Man  Years  (calendar  year  I960); 
Total:.  6-1/3 
Professional:  4.-1/3 
Other:  2 

Project  Description: 

Objectives:  To  study  the  biosynthesis,  intermediary  metabolism,  and 
pharmacological  activity  of  these  con5)ounds  in  order  to  understand  better 
their  physiological  and  pathological  role. 

Major  Findings:  ^ 

(1)  Imidazole  compounds  were  reduced  catalytically  in  the  presence  of 
acetic  anhydride.  Reduction  of  imidazoles  represents  a  new  type  of 
reaction,  hitherto  undescribed,  and  has  permitted  the  isolation  of  a 
diacetylimidazolidine  (from  imidazole)  and  diacetylbenzimidazoline  (from 
benzimidazole) . 

(2)  An  enzyme  has  been  purified  from  liver  that  carries  out  the  reaction: 

Imidazoleacetic  acid  +  pyrophosphorylribosephosphate  (PPRP)  +  ATP  ■* 
imidazoleacetic  acid  ribotide  +  ADP  +  orthophosphate  +  pyrophosphate. 

This  reaction  is  of  interest  in  .(a)  describing  the  enzymatic  step 
involved  in  the  formation  of  imidazoleacetic  acid  riboside  in  vivo  and 
(b)  having  an  imusual  requirement  for  both  PPRP  and  ATP. 

Further  work  has  been  carried  out  on  the  chemical  synthesis  of  the 
ribosides  of  various  imidazoles.  The  ribosides  of  imidazoleacetic  acid. 

Part  B  included   [x]  Yes   [  ]  No 
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imidazoleacetonltrile,  and  histamine  have  been  prepared. 

(3)  An  enzyme  was  purified  from  ergothioneine-adapted  E.  coli  that  carries 
out  the  reaction: 

Ergothioneine  "*"  thiourocanic  acid  +  trimethylamine 

(4.)  Further  studies  have  been  carried  out  on  two  of  the  enzymes  concerned  in 
histidine  degradation. 

(a)  L-Histidine  ~*  urocanic  acid  +  NH3.  The  mechanism  of  this  enzymatic 
reaction  has  been  studied,  using  a  purified  preparation  from 
histidine-adapted  Pseudomonas  cells.  n15,  C-U-,  and  h3  techniques 
have  indicated  the  formation  of  an  ammonia-enzyme  complex  as  an. 
intermediate.  This  represents  the  first  demonstration  of  an 
ammonia- enzyme  complex  as  an  intermediate  in  an  enzyme  reaction. 

(b)  The  enzymes  responsible  for  the  degradation  of  tirocanic  acid  have 
been  purified  extensively  from  liver  and  Pseudomonas  extracts. 

Significance  to  NIAMD  Research;  Histidine  is  an  essential  amino  acid, 
and  its  products  and  derivatives  enter  into  many  important  metabolic  relation- 
ships. The  C-2  of  the  imidazole  ring  enters  into  the  "one  carbon"  pool,  and 
thus  these  studies  are  closely  related  to  other  studies  on  the  role  of  folic 
acid  and  vitamin  B-12  carried  out  in  this  laboratory  and  elsewhere  in  NIAMD. 

These  reactions  also  serve  as  useful  tools  for  the  study  of  problems 
relating  to  basic  enzyme  mechanisms  as  well  as  studies  concerned  with  enzyme 
adaptation  and  enzyme  induction.  The  reduction  of  imidazole  rings  may  offer 
a  new  tool  in  studies  of  protein  chemistry,  and  have  resulted  in  the  synthesis 
of  new  compounds  of  possible  pharmacological  interest. 

Proposed  Course  of  Pro.iect;  Further  studies  on  unfinished  aspects  of 
the  reactions  listed  above,  as  well  as  purification  and  study  of  other 
reactions  concerned  with  the  biosynthesis  and  degradation  of  imidazole 
compounds.  Particular  attention  will  be  devoted  to  those  studies  concerned 
with  enzyme  induction  and  with  mechanisms  of  permeability  and  drug  action. 
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Publications  other  than  abstracts  from  this  project: 

(1)  Bauer,  H. :  Hydrogenation  of  the  imidazole  ring.  Formation  of 
diacetylimidazolidine  and  of  diacetylbenzimidazoline.  J.  Org.  Chem. 
In  press. 

(2)  Peterkofsky,  A.:  Evidence  for  amino-enzyme  formation  during  the 
histidase  reaction.  Biochem.  Biophys.  Research  Comrauns.  2«  445-4-50, 
I960. 

(3)  Tabor,  H. :  Histidine  degradation  (formimino glutamic  acid  metabolism). 
In  Colowick,  S.  P.,  and  Kaplan,  N.  0.  (eds.):  Methods  in  Enzvmology. 
New  York,  Academic  Press,  Inc.,  1961,  vol.  5.  In  press. 

(4)  Tabor,  H. ;  Intermediates  in  histidine  breakdown.  In  Colowick,  S.  P. , 
and  Kaplan,  N.  0.  (eds.):  Methods  in  Enzvmology.  New  York,  Academic 
Press,  Inc.,  1961,  vol.  6.  In  press. 
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Project  Title:  Metabolism  of  Sialic  Acids 

Principal  Investigator;  Leonard  Warren 

Other  Investigators:  Herbert  Felsenfeld  and  Cecilia  W.  Spearing 

Cooperating  Units:  Ruth  K.  Jakoby,  District  of  Columbia  General 
Hospital  and  George  Washington  University 

Man  Years  (calendar  year  I960): 
Total:  3-2/3 
Professional:  2 
Other:  1-2/3 

Project  Description: 

Objjectivgs:  To  study  the  biosynthesis,  metabolism,  occurrence  and 
function  of  sialic  acids  in  order  to  understand  its  role  in  physiological 
and  pathologicaJ.  states. 

Manor  Findings: 

(1)  With  Dr.  H.  Felsenfeld,  the  biosynthesis  of  N-acetylneuraminic 
acid  has  been  carried  out  by  enzymes  derived  from  rat  liver.  The  system 
requires  N-acetylmannosamine,  phosphoenolpyruvate,  ATP,  and  Mg  ions. 
Equilibrium  strongly  favors  the  formation  of  N-acetylneuraminic  acid  synthesis. 
The  rat  liver  extract  which  effects  synthesis  has  been  separated  into  two 
fractions . 

This  system  clearly  differs  from  the  reported  synthesis  which  employs 
N-acetylneuraminic  acid  aldolase.  This  enzyme  strongly  favors  the  degradation 
of  N-acetylneuraminic  acid  into  N-acetylmannosamine  and  pyruvic  acid.  In  our 
system  pyruvic  acid  does  not  substitute  for  phosphoenolpyruvic  acid. 

(2)  With  Miss  C.  W.  Spearing,  a  sialidase  of  mammalian  origin  has  been 
found  in  Cohn  Fraction  VI  of  bovine  and  human  serum.  This  is  the  first 
report  of  a  sialidase  from  a  source  other  than  bacteria  or  vimis.  The  enzyme 
has  been  purified  60  fold  from  bovine  Fraction  VI  and  removes  the  sialic  acid 
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from  netiramin-lactose,  plasma  protein,  gangliosides,  fetuin,  and  other 
glycoproteins.  It  requires  Ca^  ions  for  activity  and  it  is  inhibited  by 
Versene.  It  functions  most  rapidly  at  pH  5.5. 

(3)  With  Dr.  R.  K.  Jakoby  of  District  of  Coltunbia  General  Hospital  and 
George  Washington  University,  a  survey  of  the  amotint  of  free  and  bound  sialic 
acids  in  human  cerebrospinal  fluid  has  been  completed.  Sialic  acids  were 
determined  by  the  thio barbituric  acid  method  (see  Project  Report  of  Leonard 
Warren,  1959) .  The  mean  values  are  considerably  below  most  of  the  values 
found  in  the  literature  but  are  similar  to  those  which  were  obtained  in 
careful  studies  in  which  special  corrections  were  made  for  fructose  and 
glucose  in  CSF.  It  has  been  foiond  that  about  one-third  of  the  sialic  acid 
of  CSF  which  in  the  past  has  been  considered  "free"  because  it  is  dialyzable 
and  is  not  precipitatable  by  ethanol  is  in  fact  bound  to  small  molecules. 
Identification  of  this  material  is  in  progress. 

(4.)  With  Dr.  B.  S.  Blumberg  of  this  Institute,  work  is  continuing  on 
the  effects  of  sialidase  on  the  transferrins.  Removal  of  the  sialic  acid 
residues  of  these  glycoproteins  results  in  the  formation  of  several  bands  on 
starch  gel  electrophoresis.  Some  of  these  bands  are  common  to  all  of  the 
transferrins.  The  iron  binding  process  itself  appears  to  be  unaffected. 

(5)  With  Dr.  S.  S.  Spicer  of  this  Institute,  by  histochemical  methods 
it  has  been  found  that  the  mucins  produced  by  human  mammary  carcinoma  and 
mammary  duct  tumors  are  sialomucins.  Specific  staining  for  sialomucins  can 
be  eliminated  by  treatment  of  tissue  sections  with  sialidase  before  staining. 
It  appears  that  metastatic  tumors  from  the  breast  also  produce  sialomucins 
whereas  tumors  of  the  intestinal  tract  and  their  metastases  are  sulfo  rather 
than  sialomucins.  These  findings  may  provide  information  as  to  the  possible 
primary  site  in  cases  of  metastatic  tumors  of  undetermined  origin. 

(6)  Work  at  Woods  Hole,  Massachusetts,  July-August,  I960. 

(a)  a  phylogenetic  survey  on  the  occurrence  of  sialic  acid  in 
nature.  Sialic  acid  has  been  found  in  all  of  the  vetebrates,  hemichordates 
and  echinoderms  but  not  in  arthropods,  molluscs,  annelids,  sponges  and  plants. 

(B)  a  new  ether-soluble  sialic  acid-containing  material  has  been 
found  in  the  eggs  of  the  sea  urchin.  The  sialic  acid  has  been  identified  as 
N-glycolylneuraminic  acid.  It  is  readily  hydrolyzed  in  0.1  N  H2S0^  at  80°  in 
60  minutes.  It  is  cleaved  from  the  lipid  soluble  material  by  neuraminidase 
(sialidase). 

(C)  Sialic  acid  has  been  found  in  the  sperm  of  the  sea  urchin. 
Material  containing  the  sialic  acid  can  be  removed  from  the  sperm  by  mixing 
the  sperm  with  a  solution  of  the  jelly  of  sea  urchin  eggs  or  with  10"^  M 
sodium  lauryl  sulfate. 

The  sperm  extract  contains  a  material  which  precipitates  sea  urchin 
egg  jelly  as  well  as  a  lysin  which  causes  the  dispersal  of  the  egg  jelly. 
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The  latter  has  not  been  described  before. 

Significance  to  NIAI-ffi)  Research;  Sialic  acid  is  fotmd  in  relatively 
large  amoimts  in  many  mucopolysaccharides.  Little  is  known  of  its  function. 
The  study  of  sialic  acid  and  its  metabolism  is  of  special  relevance  to  an 
understaxiding  of  rhe^amatic  processes,  cystic  fibrosis  of  the  pancreas, 
fertilization,  nerve  function,  bacterial  and  viral  infections,  and  many 
other  processes. 

Proposed  Course  of  Projects;  To  complete  and  extend  investigations 
listed. 
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Publications  other  than  abstracts  from  the  project: 

(1)  Spicer,  S.  S.,  and  Warren,  L. :  The  histochemistry  of  sialic  acid 
containing  mucoproteins .  J.  Histochem.  Cytochem.  8:  135-137,  I960. 

(2)  Warren,  L. :  Thiobarbitiiric  acid  spray  reagent  for  deoxy  sugars  and 
sialic  acids.  Nature  186:  237,  I960. 

(3)  Spicer,  3.  S.,  Wollman,  S.  H.,  and  Warren,  L. :  HistochemicsLl 
demonstration  of  sialomucin  in  transplantable  thyroid  carcinoma.  Am.  J. 
Pathol.  i7:  599-610,  I960. 

(4.)  Warren,  L. :  Unbound  sialic  acids  in  fish  eggs.  Biochim.  et  Biophys. 
Acta  44:  3^7-351,  I960. 

(5)  Warren,  L.,  and  Spearing,  C.  W. :  Mammalian  sialidase  (neuraminidase). 
Biochem.  Biophys.  Research  Communs.  2.'   4-89-4.92,  I960. 

(6)  Wollman,  S.,  and  Warren,  L. :  Effects  of  thyrotropin  and  thioiiracil  on 
the  sialic  acid  concentration  in  the  thyroid  gland.  Biochim.  et 
Biophys.  Acta.  In  press. 

(7)  Jakoby,  R.  K. ,  and  Warren,  L. ;  Identification  and  quantitation  of 
N-acetylneuraminic  acid  in  human  cerebrospinal  fluid.  Neurology.  In 
press . 

(8)  Warren,  L. :  Thio barbituric  acid  assay  of  sialic  acids.  In  Colowick, 
S.  P.,  and  Kaplan,  N.  0.  (eds.);  Methods  in  Enzymology.  New  York, 
Academic  Press,  Inc.,  1961,  Vol.  6.  In  press. 

(9)  Warren,  L. ,  and  Spicer,  S.  S. :  Biochemical  and  histochemical  investiga- 
tions of  sialic  acid  containing  mucins  of  rodent  vagina  and  salivary 
glands.  J.  Histochem.  Cytochem.  In  press. 
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Project  Title:  Mechanism  and  therapy  of  delayed  deaths  following 
experimental  traiiraa 

Principal  Investigators:  Drs.  R.  Carl  Millican,  and  S.  M.  Rosenthal 

Other  Investigators:  Robert  C.  Jansky 

Cooperating  Units:  Er.  Elizabeth  Verder  (NIA.ID) 

Man  Years  (Calendar  Year  I96O) : 
-  Total:  2-2/3 
Professional:  2-1/3 
Other:  I/3 

Project  re scrip ti on: 

Objectives;  (1)  To  study  factors  in  the  cause "of  delayed  deaths 
in  mice  following  burn  injiiry. 

Bacteriological  study  of  the  cultures  taken  from  the  organs  of 
burned  mice  sacrificed  up  to  10  days  after  burn  injury  (collaborative 
study  iJith  Dr.  3.  Verder,  NIA.ID) . 

(2)  Studies  on  biosjTithesis  of  pigment  (pyocyanin)  by 
Fseudomonas  aeruginosa. 

Major  Findings;  I.  Bacteriologic  study  of  burned  mice. 

An  assessment  was  made  of  the  role  of  infection  in  the  cause  of 
late  deaths  of  mice  follomng  extensive  burn  injury.  In  collaboration 
with  Dr.  E.  Verder  of  the  National  Institute  of  Allergy  and  In- 
fectious Diseases,  a  bacteriological  study  was  made  of  the  cultures 
obtained  from  burned  mice  sacrificed  2  to  10  days  after  bum  injury. 
Positive  cultures  were  obtained  from  S$%   to  90^  of  the  cultures  of 
the  heart,  lung,  liver,  spleen  and  kidneys  taken  from  I43  burned  mice. 
Two  or  more  species  of  bacteria  were  isolated  from  the  cultures  of 
each  of  about  2/3rds  of  the  mice;  single  species  from  approximately 
l/3rd,  and  none  from  three  of  the  animals.  The  bacterial  species 
most  frequently  identified  were:  Staphylococci,  Streptococci, 
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Pasteurella,  Proteus  and  Escherichia.  Species  of  Aerobacter  and 
Pseudomonas  were  identified  in  less  than  10%   of  the  isolations. 
The  streptococci  belonged  in  the  enterococcus  group  ( alpha  and 
beta  hemolytic  strains) .  The  Pasteurella  strains  were  bacterio- 
logically  similar  to  the  pneumotropic  strains  described  by  Jawetz. 
There  was  a  marked  similai'ity  in  the  organisms  isolated  from  the 
muscles  of  the  burned  legs  and  the  organisms  isolated  from  the 
organs  of  the  same  mouse.  This  finding  suggested  that  after  bum 
injury  bacteria  of  low  virulence  and  invasiveness  are  able  to 
spread  from  localized  foci  in  deep  tissues  or  from  areas  of 
colonization  on  damaged  surfaces  and  establish  generalized  in- 
fections. By  means  of  challenge  infections,  the  resistance  of  mice 
was  demonstrated  to  be  markedly  decreased  follofing  burn  or 
tovimiquejt  injury. 

Previous  studies  have  indicated  that  chloramphenicol,  human 
gamma  globulin,  or  serum  from  mice  convalescing  from  burn  injury 
decrease  the  late  mortality  of  burned  mice.  The  therapeutic 
effects  of  these  agents  against  late  mortality  is  presumably  re- 
lated to  their  protective  action  against  the  bacterial  infections 
present  in  these  burned  animals. 

II.  Studies  on  the  biosynthesis  of  pyocyanin. 

Pyocyanin  (N-methyl,l-h;>'droxj'-  phenazine)  is  the  blue  pigment 
produced  by  growing  ciitures  of  Pseudomonas  aeruginosa.  Strain 
ATCC  9027  was  grovm  on  synthetic  medium  containing  glycerol,  alanine 
and  salts.  A  compoimd  \-n.th  a  positive  Bratton-Marshall  color  appeared 
in  the  medium  of  gro'vdng  cultiores  and  rapidly  disappeared  with  the 
appearance  of  pyocj'anin.  This  compound  was  isolated  and  demonstrated 
to  be  anthraniliq  acid. 

Proposed  Course  of  the  Project;  Search  for  causes  of  death  ether 
than  infection  in  these  mice,  such  as  bum  toxin. 

To  study  the  biochemistry  and  metabolism  of  Pseudomonas  and 
other  "avirulent"  organisms,  such  as  the  mechanism  and  control  of 
pigment  formation. 
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Piiblications  other  than  abstracts  from  this  project: 

(1)  Millican,  R.  C,  and  Rust,  J.  D.s  Efficacy  of  rabbit  Pseudoinonas 

antiserum  in  experimental  Fseudomonas  aeruginosa  infection.  J. 
Infect.  Disease,  Nov.  -  Dec,  i960.  (In  Press) 

(2)  Millican,  R.  C.:  Role  of  infection  in  the  delayed  deaths  of  mice 

follotring  extensive  bum  injury.  First  International  Congress  on 
Research  in  Burns,  September,  I96O.  (In  Press) 
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Project  Title:  Mechanism  and  treatment  of  shock  and  infections 
folio-wing  bums  in  humans 

Principal  Investigators:  Drs.  Nicholas  A.  Kefalides,  R.  Carl 
Millican,  S.  M.  Rosenthal,  and  Kehl  Markley,  III 

Other  Investigators:  A  group  of  Peruvian  doctors 

Cooperating  Units:  Hospitals  Loayza,  del  Nino,  and  Dos  de  Mayo, 
Lima,  Peru,  South  America 

Man  Years  (Calendar  Year  I96O): 
Total:  9 

Professional:  7-1/3 
Other:  1-2/3 

Project  Description; 

Objectives:  Clinical  evaluation  of  plasma,  plasma  albumin  and  large 
volumes  of  saline  solution. 

Evaluation  of  human  gamma  globulin  and  plasma  therapy  in  the 
prevention  of  septicemia. 

Evaluation  of  a  specific  antiserum  against  pseudomonas  in- 
fections . 

Methods  Employed:  The  clinical  study  in  Lima,  Peru  involves 
conparison  of  plasma,  plasma  albiunin  and  large  volutres  of  saline 
in  the  therapy  of  bum  shock. 

Half  of  the  burned  patients  receive  large  doses  of  gamma 
globulin  intramuscularly  on  admission  and  during  the  first  10  days 
after. 

On  the  appearance  of  a  positive  blood  culture  for  Psendomonas 
aeruginosa,  a  specific  antiserum  is  administered.  The  antiserum  was 
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developed  in  otir  laboratory  (Dr.  Millican)  and  prepared  by  Lederle 
Laboratories. 

Extensive  chemical,  imraunological  and  bacteriological  studies 
are  carried  out  to  determine  effectiveness  of  therapy. 

Major  Findings;   Saline  therapy,  largely  oral,  has  been  found  to 
be  a  successful  treatment  for  burn  shock  in  adults,  ^d.th  a  mortality 
under  2%   in  over  100  cases.  The  importance  of  sodium  therapy  was 
shoim  in  a  conparative  study  where  plasma  plus  saline  gave  similar 
results,  while  plasma  plus  glucose  gave  a  12%   shock  mortality. 

In  children  imder  3  years  mortality  is  higher,  both  from  shock 
and  ,;'rora  late  deaths.  The  follovri.ng  evidence  indicates  that  this 
results  from  depression  of  immunological  defenses  in  which  in- 
fection is  a  major  factor: 

1.  The  majority  of  late  deaths  in  children  (under  3  years)  re- 
sults from  Pseudomonas  or  Staphj'lococcus  septicemias.  These  may 
occur  as  early  as  the  third  day.  Significant  lowering  of  this 
mortality  is  obtained  in  children  receiving  large  doses  of  plasma  or 
gamma  globulin,  as  compared  vrLth  saline  plus  albumin.  This  study 
was  based  on  experimental  results  previously  reported  from  this 
laboratory. 

2.  Evidence  is  accumulating  that  shock  mortality  in  children 
is  also  reduced  by  plasma  or  gamma  globulin  over  that  with  albumin 
therapy. 

Most  of  the  late  deaths  in  children  result  from  Pseudomonas 
septicemia.  Antibiotics  have  been  found  iiiithout  effect.  A  specific 
rabbit  antiserum  is  being  evaluated  in  the  treatment  of  this  in- 
fection. 

Proposed  Course  of  Pro^-ject;  Cintinued  study  of  mechanisms  and 
therapy  of  late  deaths  following  bums,  with  particular  enphasis  on 
the  treatment  of  the  infections. 
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Publications  other  than  abstracts  for  this  project: 

(1)  Markley,  K.,  Bocanegra,  M.,  Ego-Aguirre,  E.,  Chiappori,  M.,  and 

Morales,  G. ;  Adreno-cortical  function  after  major  surgical 
operations  and  thermal  trauma  in  man.  Svirg.  it?:  389,  i960. 

(2)  Markley,  K.,  and  Kefalides,  N. :  Further  studies  in  the  evaluation 

of  saline  solutions  in  the  treatment  of  burn  shock.  First  Inter- 
national Congress  on  Research  in  Bums,  September,  I96O.  (In 
Press) 

(3)  Kefalides,  N.  A.,  Arana,  J.  A.,  Bazan,  A.,  and  Stastny,  P.:  Clinical 

evaluation  of  antibiotics  and  gamma  globulin  in  septicemias  following 
bums.  First  International  Congress  on  Research  in  Bums,  September, 
i960.  (In  Press)  . 
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Project  Title:  The  Chemotherapy  of  Mouse  Leprosy 

Principal  Investigator:  Dr.  Y.  T.  Chang  (Fellow  of  Pharmacology) 

Cooperation  Units:  Leonard  Wood  Memorial(The  American  Leprosy  Foundation 

Man  Years:  (Calendar  Year  1960) 

Total:        1-1/3 
Professional:  1 
Others:       1/3 

Project  Description: 

Objectives:  The  evaluation  of  therapeutic  effectiveness  of  drugs  in 
mouse  leprosy.  The  tissue  culture  of  intracellular  parasites. 

Methods  Employed;  Intraperitoneal  infection  of  mice  with  M.  leprae 
murium.  Tissue  cultures  of  macrophages  in  Leighton  tubes. 

Major  Findings:  The  ethyl  mercaptan  compounds,  sodium  ethylthiosul- 
fate  and  diethyl  dithio-iso-phthalate  showed  marked  suppressive  activity 
in  mouse  leprosy  in  both  the  3-weeks  and  3-months  tests.  The  extract  of 
Abalone  prepared  by  Dr.  C.  P.  Li  (Division  of  Biologies  Standards)  revealed 
measurable  activity  in  the  3-weeks  test.  Gresiofulvin,  4'-chloro-3-nitro- 
salicylanilide  and  4*-chloro-5-nitrosalicylanilide  showed  no  activity. 

Marked  improvement  on  the  cultivation  of  M.  leprae  murium  in  cultures 
of  macrophages  has  been  obtained  by  the  use  of  carbon  dioxide  incubator, 
which  maintains  the  pH  of  medium  in  a  constant  level  (7.2).  Macrophages 
are  found  very  sensitive  to  pH;  even  a  pH  of  7.4  is  harmful.  Now,  macro- 
phages can  be  maintained  in  good  condition  up  to  100  days.  Marked  multi- 
plication of  long,  healthy  microorganisms  are  seen  at  this  time. 

The  new  disposable  plastic  flasks  (Falcon  TCF25  flasks)  are  found 
satisfactory  in  the  cultivation  of  macrophages.  Cells  grown  in  these 
flasks  are  as  good  as  in  the  glass  T-f lasks.  The  bottom  of  the  plastic 
flasks  can  be  cut  off  and  mounted  for  oil -immersion  examination.  Macro- 
phages have  been  maintained  in  very  good  condition  in  these  flasks  for 
about  90  days  up  to  the  present  time.  By  using  this  system,  a  trial  on 
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the  cultivation  of  other  parasites,  such  as  the  non-cultivable  mouse 
strain  of  malaria  parasites  (Plasmodium  berghei)  seems  justifiable. 

A  joint  study  with  Dr.  Charles  C.  Shepard,  Communicable  Disease 
Center,  Atlanta,  Georgia,  on  the  chemotherapeutic  study  of  mice  inoculated 
with  human  leprosy  bacilli  is  in  progress. 

Studies  on  the  effects  of  different  combinations  of  various  drugs  in 
murine  leprosy  are  in  progress. 

Proposed  Course  of  Project;  The  leprosy  studies  are  carried  out  in 
cooperation  with  the  American  Leprosy  Foundation  (Dr.  Chang  is  on  a  Fellow- 
ship from  them).   The  results  are  applied  to  their  clinical  evaluation 
studies. 

Continuation  of  evaluation  of  drugs  in  mouse  leprosy,  using  both 
long-term  and  short-term  techniques.   Continuation  in  the  study  of  tissue 
culture  of  M.  leprae  murium.   Trials  on  the  cultivation  of  Plasmodium 
berg he i  and  on  the  cultivation  of  leucocytes  of  leukemic  animals  in  tissue 
cultures. 
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Part  B;  Publications 

(1)  Chang,  Y.  T.  Changes  in  the  length  of  Mycobacterium  leprae  murium 
xn  the  evolution  of  murine  leprosy  in  mice.  American"Re^w"~^rR^s. 
piratory  Diseases,  82,  409  (1960). 

(2)  Chang,  Y.  T.  Continuous  growth  of  Mycobacterium  leprae  murium  in 

^^J'^/^nLv^  mononuclear  phagocytes..  Federation  Proceedings,  19, 
■JO J   vl9o0)*  ~~~ 
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1.  Pharmacology  and  Toxicology 

2.  Biochemistry  of  Amino  Acids 

3.  Betbesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A, 

Project  Title:  The  Biochemistry  of  Sulfur-containing  Compounds. 

Principal  Investigator:   Simon  Black 

Other  Investigators:  Miss  Blondel  Hudson,  Dr.  Norman  Bauman, 
and  Dr.  John  F.  Thompson 

Man  Years:   (Calendar  Year  1960) 


Total: 

2.8 

Professional: 

2 

Other : 

0.8 

Project  Description:  . 

Objectives:  A  long  term  objective  is  discovery  of  enzymatic  mechan- 
isms involved  in  the  synthesis  of  constituents  of  living  tissue,  particular- 
ly of  proteins. 

Methods:   Organisms  and  extracts  of  organisms  are  tested  for  their' 
ability  to  convert  certain  sulf-containing  confounds  to  new  substances,  or 
to  form  or  transform  known  sulfur  compounds.  Chemical,  chromatographic, 
radiochemical,  and  radioautographic  methods  are  used.  Mechanisms  of  forma- 
tion are  elucidated  by  classical  enzyroological  methods. 

Significance  to  NIAMD  Research:   Knov/ledge  of  the  intimate  chemical 
transformations  in  living  cells  will  serve  as  a  basis  for  better  understand- 
ing of  the  nature  of  disease  and  its  more  intelligent  treatment. 

Major  Findings;  An  enzymatic  system  has  been  isolated  from  yeast 
which  catalyzes  the  specific  reduction  of  one  of  the  four  isomers  of  methio- 
nine sulfoxide  to  the  corresponding  thioether,  methionine  (Reaction  1). 
This  process  utilizes  TPNH  and  requires  the  participation  of  three  separable 
protein  fractions  which  are  designated  enzymes  I,  II,  and  III. 

.                         I,II,III 
TPNH  +  H  +  L(-)methionine  sulfoxide A»  TPN  +  L-methionine  +  H2O    (1) 

During  the  study  of  this  enzyme  system  it  became  apparent  that  although 
it  quite  specifically  catalyzes  the  reduction  of  one  sulfoxide,  it  neverthe- 
less also  catalyzes  a  different  type  of  reaction,  the  reduction  of  disulfides 

1  29'4 


Serial  No.  NIAMD-LPT-7 


to  thiols  (Reaction  2).   Only  two  of  the  three  enzymes  required  for  Reaction 

I,  I  and  II  participate  in  the  latter  reaction.  Reaction  2  is  not  specific 
relative  to  the  disulfide  substrate. 

TPNH  +  H  +  (RS)2 — VtPN  +  2  RSH  (2) 

The  following  hypothetical  scheme  for  the  transfer  of  hydrogen  or 
electrons  from  TPNH  via  enzymes  I  and  II  to  a  disulfide,  or  via  enzymes  I» 

II,  and  III  to  L(-)-methione  sulfoxide,  has  been  proposed  on  the  basis  of 
several  observations  including  the  results  of  inhibition  experiments  with 
iodoacetate  and  arsenite  (J.  Biol.  Chem.  235,  2910  (October  (1960)): 

TPNH  ^I )^  II  ^   III 

I         i 

Disulfide    .   Sulfoxide 


Proposed  Course  of  Project;   The  discovery  of  two  new  enzymatic  re- 
ductions of  disulfides  opens  possibilities  for  study  of  such  groups  and 
their  interconversions  in  protein  molecules,  processes  considered  to  have 
great  importance  in  physiological  transformations. 
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(1)  Black,  S.  p-Aspartyl  phosphate  and  aspartic-^-semialdehyde.  Methods 
in  Enzymology,  Vol.  6,  Article  224.   (accepted  for  publication). 

(2)  Black,  S.  Conversion  of  aspartic  acid  to  homoserine.  Methods  in 
Enzymology,  Vol.  6,  Article  111.   (accepted  for  publication). 

(3)  Black,  S.  Glycerate  Kinase,  Methods  in  Enzymology,  Vol.  6,  Article 
46  (accepted  for  publication). 

(4)  Black,  S.,  Thompson,  J.  F. ,  Hudson  B.  Fed.  Proc.  19,  1  (1960).  A 
new  glutathione-disulfide  transhydrogenase. 

(5)  Black,  S.,  Wright,  N.  G. ,  Harte,  E.,  Hudson  B. ,  Wartofsky,  L.  J. 
Biol.  Chem.  235,  2910  (1960).  A  specific  enzymatic  reduction  of  L(-) 
methionine  sulfoxide  and  a  related  non-specific  reduction  of  disul- 
fides. 
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1.  Pharmacology  &  Toxicology 

2.  Biochemical  Pharmacology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  I960 


Part  A 


Project  Title:  Adaptations  of  Urea  Cycle  Enzymes  to  Varying  Levels  of 
Dietary  Protein 

Principal  Investigator:  Robert  T.  Schimke 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years  (calendar  year  I960): 
Total:  1/2 
Professional:  1/2 
Other: 

Project  Description: 

Objectives:  To  study  the  mechanisms  whereby  the  rat  adapts  to  wide 
changes  in  dietary  protein,  and  hence  to  the  need  for  changes  in  need  for  urea 
synthesis;  and  to  study  the  process  by  which  specific  enzyme  protein  is 
degraded  and  synthesized  during  the  adaptive  process. 

Major  Findings:  The  levels  of  activity  of  enzymes  involved  in  the 
synthesis  of  urea,  carbamyl  phosphate  synthetase,  ornithine  trans carbamylase, 
arginine  synthetase,  argininosuccinate  cleavage  enzyme,  and  arginase  have  been 
assayed  in  rat  liver.   The  level  of  these  enzymes  is  constant  in  relation  to 
the  dietary  intake  of  protein.  Adaptation  to  a  higher  level  of  dietary  pro- 
tein involves  increases  in  activity  of  all  enzymes  of  the  urea  cycle,  manifest 
within  4-8  hours  of  change  of  diet,  and  complete  by  8  to  12  days.  Adaptation 
to  a  lower  level  of  dietary  protein  involved  no  net  loss  of  total  enzyme 
activity,  but  a  slow  decrease  in  activities  per  gram  of  liver.  Several  other 
enzymes,  glutamic  dehydrogenase,  malic  dehydrogenase,  and  glucose-6-phosphate 
dehydrogenase,  showed  no  change  in  activity,  whereas  lactic  dehydrogenase  was 
decreased  in  animals  on  a  high  protein  diet,  and  was  increased  in  animals  on 
a  low  protein  diet.  pH  optima  and  Km  values  for  enzyme  activity  in  homogenates 
revealed  no  differences  in  urea  cycle  enzymes  from  animals  grown  on  high  eind 
low  protein  diets.  The  intracellular  distribution  of  carbamylphosphate 
synthetase,  ornithine  transcarbamylase,  and  arginase  was  likewise  not  changed. 
Preliminary  isolations  of  arginase  and  ornithine  transcarbamylase  by  con- 
ventional techniques  reveal  no  dissimilarities  in  enzymes  from  animals  on  high 

Part  B  included   [  ]  Yes  [X]  No 
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or  low  protein  diets.  High  doses  of  adrenocorticosteriods  have  no  effect  on 
urea  cycle  enzymes  over  a  U   day  period  of  administration. 

Significance  to  NIAMD  Research;  The  synthesis  of  urea  is  of  major 
importance  to  the  regulation  of  ammonia  metabolism  in  the  mammal.  A  study  of 
the  controlling  mechanisms  of  urea  synthesis  will  further  understanding  of 
metabolic  regulation  in  general,  and  specifically  the  process  of  enzyme 
adaption. 

Proposed  Course  of  Projects  Further  studies  will  be  undertaken  con- 
cerning the  specificity  of  agents  capable  of  increasing  urea  cycle  enzymes. 
Preliminary  studies  indicate  the  feasibility  of  studying  the  incorporation  of 
radioactive  amino  acids  into  specific  enzyme  protein  during  the  adaptation 
and  deadaptation  process,  thereby  affording  a  mesins  of  studying  the  kinetics 
of  protein  synthesis  and  degradation  during  adaptation. 
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1.  Pharmacology  and  Toxicology 

2.  Biochemistry  of  Amino  Acids 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:  Structural  Basis  of  Enzyme  Activity. 

Principal  Investigator:  T.  Viswanatha 

Other  Investigators:  Miss  Carol  Connelly 

Man  Years  (Calendar  Year  1960) 

Total:  1.8 
Professional:  1,4 
Other:         0.4 

Project  Description: 

Objectives;  To  determine  the  relation  of  the  intimate  molecular 
structure  of  an  enzyme  to  its  catalytic  activity. 

Methods :  Proteolytic  enzymes  are  degraded  by  chemical  or  enzymatic 
action  to  yield  fragments  or  derivatives  which  may  be  studied  more  pre- 
cisely than  the  original  large  molecules. 

Major  Findings;   1.  Hydroxy lysine,  a  recently  recognized  naturally 
occuring  amino  acid,  has  been  found  for  the  first  time  to  be  contained  in 
an  enzyme  molecule.  Evidence  has  been  found  for  the  presence  of  one  hy- 
droxylysine  residue  in  each  molecule  of  trypsin  and  of  chymotrypsin.   The 
presence  of  adjacent  amino  and  hydroxyl  groups  in  this  residue  provide  a 
new  basis  for  speculation  and  experiment  on  the  nature  of  the  "active 
center"  of  these  enzymes.   (This  work  was  done  with  the  collaboration  of 
Dr.  F»  Irreverre). 

2.  Chymotrypsin  has  been  subjected  to  the  degrading  action  of  N- 
broraosuccinimide.  On  complete  destruction  of  the  enzymes  capacity  to 
catalyze  the  hydrolysis  of  peptide  bonds  its  ability  to  react  with  diiso- 
propylf luoridate  or  p-nitrophenylacetate  is  relatively  unimpaired.  Thus 
the  hypothesis  that  the  two  types  of  activity  are  very  intimately  related 
may  be  in  need  of  reconsideration.   (This  work  was  done  vn.th  the  collabora- 
tion of  Dr.  W.  Lawson). 

3.  Partial  characterization  of  a  complex  of  spermine,  glutamic  acid, 
cysteine,  and  glycine  isolated  by  Dr.  D.  Dubin  and  S.  M.  Rosenthal  has 
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been  accomplished.   On  the  basis  of  numerous  sequence  and  end  groups 
determinations  as  well  as  other  chemical  tests  the  following  tentative 
structure  is  proposed. 
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Significance  to  NIAMD  Research;  It  is  hoped  that  the  basic  under- 
standing o£  enzyme  function,  sought  in  this  work,  will  increase  our  know- 
ledge of  physiological  functions  and  of  disease  processes. 

Proposed  Course  of  Project:  It  is  expected  that  this  work  will  con- 
tinue on  its  present  course  until  the  enzyme  ^structures  being  studied  are 
fully  comprehended. 
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Part  B;  Publications: 

(1)  T.  Viswanatha  and  F.  Irreverre.  Occurence  of  hydroxy lysine  in  trypsin. 
Biochim.  Biophys.  Acta  40,  564  (1960). 

(2)  T.  Viswanatha,  W.  B.  Lawson  and  B.  Witkop.  The  action  of  N-bromosuc- 
cinlmide  on  trypsinogen  and  its  derivatives.  Biochim.  Biophys.  Acta 
40,  216  (1960). 

(3)  T.  Viswanatha  and  W.  B.  Lawson.  The  action  of  N-bromosuccinimide  on 
chymotrypsin.  Arch.  Biochem.  Biophys.   (Accepted  for  publication). 
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1.  Pharmacology  &  Toxicology 

2.  Biochemical  Pharmacology 

3.  Bethesda,  Maiyland 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  I960 

Part  A 

Project  Title:  Structure  and  Mechanism  of  Action  of  Aldolase 

Principal  Investigator:  Alan  H.  Mehler 

Other  Investigator:  Celia  Asnien 

Cooperating  Units:  None 

Man  Tears  (calendar  year  I960): 
Total:  1-1/2 
Professional:  1/2 
Other:  1 

Project  Description: 

0b_i actives:  To  define  the  structure  of  the  enzyme,  especially  that 
part  that  participates  in  the  catalytic  action,  and  to  elucidate  the  chemical 
mechanisms  involved  in  the  action  of  the  enzyme. 

Methods ;  Spectrophotometric  methods  have  been  used  to  assay  enzyme 
activity  in  coupled  reactions  with  other  enzymes  and  to  measure  the  combina- 
tion of  enzyme  and  substrate.  Alterations  of  aldolase  by  chemical  or 
physical  methods  have  been  followed  in  the  pH-stat,  the  ultracentrifuge  and 
the  spectrophotometer. 

Ma.ior  Findings:  Additional  evidence  has  been  obtained  to  support  the 
conclusion  that  the  spectrophotometric  change  seen  when  aldolase  and 
dihydroxy acetone  phosphate  combine  is  a  measure  of  the  enzyme-substrate 
complex.  A  kinetic  assay  for  the  condensing  reaction  of  aldolase  has  been 
developed,  and  kinetic  properties  of  the  enzyme  have  been  measured.  These 
properties  have  permitted  the  elaboration  of  a  theory  of  the  mechanism  of 
action  that  explains  the  change  in  properties  when  the  enzyme  is  altered  by 
carboxypeptidase. 

Significance  to  NIAMD  Research;  Progress  has  been  made  in  an  area  of 
knowledge  essential  for  an  understanding  of  all  biological  phenomena;  viz, 
the  nature  of  enzymes. 

Proposed  Course  of  Project:  This  project  has  been  transferred  to 
NIDR. 


Part  B  included   [x]  Yes  [  ]  No 
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PHS-NIH 

Individual  Project  Report 

Calendar  Tear  I960 


Part  B 

Publications  other  than  abstracts: 


(l)  Mehler,  A.  H. :  Metabolism  of  Histidine.  In  Biochimie  Comparee  des 
Acides  Amines  Basiques.  I960,  vol.  92,  pp.  181-201. 
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1.  Pharmacology  &  Toxicology 

2 .  Pharmacology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

Calendar  Tear  I96O 


Fart  A 


Project  Title:  Electrochemical  and  biochemical  aspects  of 

physiological  and  pharmacological  action  in 
excitable  cells. 

Principle  Investigator:  Dr.  A.  M.  Shanes 

Other  Investigators:  Drs.  N.  L.  Gershfeld,  S.  Winegrad  (PHS  Fellow), 
S.  Dikstein  (Foreign  Fellow),  and  C,  P.  Bianchi 

Cooperating  Units:  None 

Man  Years  (Calendar  Tear  I96O): 

Total:  it-2/3  . 

Professional:  3-1/3 
Other:  I-I/3 

Project  Description: 

Objectives;  (1)  Evaluation  of  the  role  of  ion  movement  in  the 
bioelectrical  and  mechanical  properties  of  nerve  and  various  types 
of  muscle  and  of  the  influence  of  drugs  on  these  properties. 

(2)  Evaluation  of  the  interactions  between  drugs  and  living 
membranes  by  studies  of  interactions  with  monomolecular  films  and 
thin  membranes  of  lipoidal  substances.  The  following  projects  are 
concerned  with  these  objectives: 

(a)  The  quantitative  correlation  of  calcium  uptake  in 
guinea  pig  atrial  fibers  with  the  contractility. 

(b)  The  temporal  correlation  of  calcium  uptake  in 
"slow  (tonic)"  fibers  of  the  frog  rectus  abdominis  muscle  with  the 
time  course  of  potassium  contracture. 

(c)  The  bioelectrical  properties  of  membranes  approach- 
ing the  thickness  of  living  membranes,  and  the  effects  of  drugs  on 
these  rtembranes. 


Part  B  included  [x]  Yes  [  ]  No 
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(d)  The  kinetics  of  interaction  of  veratnim  alkaloids 
with  stearate  monomolecular  films. 

Methods  Employed:  (a)  Ca^^  uptake  per  beat  is  measured  in  guinea 
pig  atria  as  a  function  of  the  strength  of  contraction  as  modified 
by  changes  in  the  rate  of  beating  or  by  the  calcium  content  of  the 
medium. 

(b)  The  rate  of  Ca^5  uptake  at  different  stages  of  K-con- 
tracture  are  con5)ared  with  the  intensity  and  duration  of  the  con- 
tracture as  well  as  with  the  action  of  Ca"*^. 

(c)  The  electrical  resistance  and  diffusion  potentials  obtained 
with  various  salt  solutions  and  concentrations  are   studied  as 
functions  of  thickness  of  parlodion  membranes,  with  and  without 
lipoidal  raolecxiles  present,  spread  on  the  air-water  interface. 

(d)  Veratrura  alkaloids  are  deposited  on  the  air-water  inter- 
face of  a  Langrauir  film  balance,  with  which  Force-area  diagrams  are 
constructed. 

Major  Findings;  (a)  Correlation  of  calcium  uptake  in  atrial  fibers 
with  their  strength  of  beat.  The  augmentation  of  the  beats  by  (1} 
increased  rate  of  beating  and  (2)  increased  extracellular  calcium  is 
accompanied  by  a  proportionate  increase  in  the  calcium  influx  per 
beat. 

(b)  Correlation  of  calcium  uptake  with  the  duration  of  muscle 
contraction^  The  sustained  contracture  of  "slow"  fibers  is  as- 
sociated  with  a  sustained  elevated  calcium  influx;  in  contrast,  we 
had  shown  previously  that  the  transitory  K+-contracture  of  twitch 
fibers  is  acconpanied  by  a  transitory  enhancement  of  calcium  influx. 

(c)  Special  properties  of  thin  membranes.  In  the  critical 
range  of  ca.  300  A,  as  the  parlodion  membranes  become  thinner,  in- 
stead of  the  potentials  and  resistance  continuing  to  decrease,  they 
start  to  increase.  Moreover,  with  stearate  present,  both  resistance 
and  potential  measurements  reveal  a  greater  selectivity  for  K* 
over  Na*.  Also,  in  keeping  with  our  earlier  studies,  veratrine 
appears  to  remove  the  stearate  from  such  films,  for  it  causes  a 
sharp  fall  in  resistance, 

(d)  Orientation  of  veratrum  alkaloids  at  the  air/water  inter- 
face. In  keeping  with  conclusions  reached  from  our  earlier  studies, 
the  molecules  of  veratridine  and  cevadine,  which  disrupt  mono- 
molecular  films  of  stearic  acid,  orient  vertically  at  their  air/water 
interface  at  high  conpression.  Veratramine  molecules,  which  are  weak 
as  a  disrupter  of  the  stearate  monomolecular  film,  fail  to  orient 
vertically. 
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Significance  to  NIAMD  Research;  The  involvement  of  calcitun 
transfer  as  at  least  one  factor  in  the  coupling  between  excitation 
and  contraction  is  still  further  strengthened,  having  now  been 
found  to  hold  for  twitch,  slow,  and  cardiac  fibers.  Metabolic 
derangements,  including  those  of  calcium,  can  now  be  sought  in 
attempts  to  understand  muscle  failure. 

The  importance  of  the  thinness  of  living  membranes  for  their 
properties  has  not  been  previously  appreciated.  The  possibility  of 
determining  the  nature  of  interactions  and  of  the  organization  for 
selectivity  now  appears  within  reach. 

Proposed  Course  of  Project;  Ca   efflux  and  drugs  that  affect 
contractility  m.!!   now  be  studied  in  heart  and  slow  fibers.  The 
possibility  that  veratrum  alkaloids  withdraw  lipid  or  fatts'-  acids 
from  living  membranes,  suggested  by  our  studies  with  monomolecular  • 
films,  will  also  be  examined. 

The  possibility  of  detecting  lipid  components  ("receptors"?) 
in  tissue  extracts  responsible  for  excitatory  and  inhibitory  actions 
of  drugs  will  be  examined  with  the  raonomolecular  film  technique. 
Other  pure  lipoidal  substances  as  well  as  extracts  will  be  incorpo- 
rated in  thin  films  to  determine  the  extent  to  which  the  properties 
of  living  membranes  can  be  duplicated. 
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Serial  No.  NIAMD-LPT-11 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  I96O 

Part  B 

Piiblications  other  than  abstracts  for  this  project: 

(1)  Shanes,  A.  M.,  and  Bianchi,  C.  P.:  Radiocalciura  release  by  stimulat- 

ed and  potassium- treated  sartorius  muscles  of  the  frog.  J.  Gen. 
Physiol.  J43:ii8l-ii93,  I960. 

(2)  Bianchi,  C.  P.,  and  Shane s,  A.  M. :  The  effect  of  the  ionic  milieu  on 

the  emergence  of  radiocalciura  from  tendon  and. from  sartorius  muscle, 
J.  Cell.  Con?).  Physiol.  (In  Press  -  August  I96O) 

(3)  Bianchi,  C.  P.:  Effect  of  caffeine  on  radiocalcium  movBment  in 

muscle.  J.  Gen.  Physiol.  (In  Press) 

(h)     Shanes,  A.  M.,  and  Gershfeld,  N.  L.:  Interactions  of  veratinira 

alkaloids,  procaine,  and  calcium  with  monolayers  of  stearic  acid, 
and  their  implications  for  pharmacological  action.  J.  Gen.  Fh-'/siol. 
hh:3h^-363,   I960. 

(5)  Gershfeld,  N.  L.:  The  influence  of  structure  on  the  orientation  of 

the  veratrum  alkaloids  at  the  air/^ater  interface.  Biochin.  Biophys. 
Acta  Ji2: 282-289,  I960. 

(6)  Shanes,  A.  M.:  Electrolytes  in  Nerve  Function.  In  "Neurochemistry" 

2nd  ed.,  Ed.  by  J.  Quastel  and  K.  A.  C.  Elliott,  in  press, 

(7)  Shanes,  A.  M. :  An  approach  to  the  mechanism  of  permeability  change 

in  living  membranes.  Nature  (In  Press). 

(8)  Gershfeld,  N.  L.:  Resistance  and  potential  studies  \Tith   thin 

menibranes.  In  preparation  (see  Abstracts  Amer .  Chem.  Soc,  I96O, 
P31). 

(9)  Winegrad,  S.,  and  Shanes,  A.  H. :  Radiocalcium  transfer  and  con- 

traction in  guinea  pig  atria.  In  preparation. 

Honors  and  Awards  relating  to  this  project: 

Dr.  C.  P.  Bianchi  and  Dr.  S.  Winegrad  have  been  invited  as  guest 
lecturers  at  the  December  9-10  conference  of  the  New  York  Heart  Association 
on  "The  Myocardium  -  Its  Biochemistry  and  Biophysics"  and  at  the  December 
26-28  conference  of  the  Medical  Sciences  Section  of  the  AAAS  on  "Bio- 
physical Aspects  of  Physiological  and  Pharmacological  Actions," 
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Dr.  Shanes  was  asked  to  organize  the  conference  "Biophysical  Aspects 
of  Physiological  and  Pharmacological  Actions"  for  the  Medical  Sciences 
Section  of  the  AAAS.  He  also  obtained  support  for  the  program  from  the 
National  Institutes  of  Health  Research  Grants  and  Felbwships. 

Dr.  Shanes  vjill  chair  the  first  session  of  the  New  York  Academy  of 
Sciences  "Current  Problems  in  Electrobiology"  on  December  30,  I960. 

Dr.  Shanes  has  ■written  a  review  chapter  on  the  current  status  of 
"Electrolytes  in  Nerve  Function"  for  the  2nd  edition  of  Neurochemistry, 
edited  "by  J.  H.  Quastel,  K.  A.  C.  Elliott,  and  I.  H.  Page,  to  be  published 
soon. 

Dr.  Shanes  has  been  offered  a  full  professorship  in  Pharmacology  at 
the  University  of  Pennsylvania  Medical  and  Graduate  Medical  Schools  to 
become  effective  in  the  summer  of  1961. 

Dr.  Shanes  was  invited  lecturer  at  the  Teaching  Institute  on 
Neuropharmacology  at  the  Fall  meeting  of  the  American  Society  for 
Pharmacology  and  Experimental  Therapeutics  (August,  I960) . 

Dr.  Shanes  presented  talk  at  the  Sorbonne  entitled  "Couplage 
Entre  L 'excitation  et  la  Contraction  Musculaire",  published  in  Actualites 
Neurophysiologiques,  pp3l3-319,  i960.  A-M.  Honnier,  publisher. 
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Serial  No.  NIAMD-LPT-12 
1.   Pharmacology  and  Toxicology 
"^  2.   Biochemistry  of  Amino  Acids 

3.  Bethesda 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A; 

Project  Title:  Biosynthesis  of  Gramicidin  J 

Principal  Investigator:  Dr.  K.  Kurahashi 

Other  Investigators:  None 

Man  Years  (Calendar  Year  1960) 

Total:  1.4 

Professional :    i 
Other:  0.4 

Project  Description: 

Objective:   To  elucidate  the  mechanism  of  biosynthesis  and  intermed- 
iary metabolism  of  a  cyclic  hexapeptide.  Gramicidin  J.  which  is  produced 
by  Bacillus  brevis. 

Methods  Employed;  The  enzymatic  incorporation  of  carbon-14  labelled 
amino  acids  into  Gramicidin  J.  and  possible  intermediary  substances  in 
extracts  of  Bacillus  brevis  is  being  studied  with  the  aid  of  paper  chroma- 
tbgraphy,  ion  exchange  resin  chromatography  and  paper  electrophoresis. 

14 
Major  Findings;  C  -labelled  L-phenylalanine  together  with  various 

energy  sources  and  co-factors,  gives  rise  to  an  unknown  C  -labelled  com- 
pound which  yields  C^'^-phenyalanine  and  proline  upon  acid  hydrolysis.   This 
compound  may  be  an  intermediate  in  Gramicidin  J.  formation.   Its  properties 
closely  resemble  those  of  prolyl  phenylalanine  dipeptide  but  differ  in 
certain  respects  relative  to  behavior  on  ion  exchange  resins  and  chromato- 
grams. 

This  project  will  not  be  continued  at  NIH  as  Dr.  Kurahashi  has  returned 
to  Japan. 
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Part  B;  Publications 

(1)  K.  Kurahashi  and  A.  Sugimura.  Purification  of  galactose- 1-phosphate 
uridyl  transferase  from  Escherichia  coli  mutant.  J.  Biol.  Chem.  235, 
940  (1960).  

(2)  H.  M.  Kalckar,  K.  Kurahashi,  and  E.  Jordan.  Hereditary  defects  of 
galactose  metabolism  in  Escherichia  coli  mutants.   Proc.  Nat.  Acad. 
Sciences,  Vol.  45,  No.  12,  p. 1776-1786  (December,  1959). 
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Serial  No.  NIAMD-LPT-13 

1.  Pharmacology  and  Toxicology 

2.  Section  on  Pharmacology 
3.   Bethesda 

PHS-NIH 
Individual  Project  Report. 
Calendar  Year  1960 

Part  A; 

Project  Title:  Metabolism  of  Mevalonic  Acid 

Principal  Investigator:  Dr.  Kehl  Markley 

Other  Investigators:  Mrs.  Elizabeth  Smallman  (part  time) 

Cooperating  Units:  None 

Man  Years  (Calendar  Year  1960) 

Total:         1-2/3 
Professional:   1 
Others:        2/3 

Project  Description: 

Objectives:   1)  To  study  the  enzymatic  steps  involved  in  the  conversion 
of  mevalonic  acid  (MVA)  to  cholesterol  in  liver  and  2)  to  study  the  metabo- 
lism of  mevalonic  acid  in  Lactobacillus  acidophilus. 

lA  Methods:  Objective  1  -  Substrates:   Phosphomevalonic  acid  (P-MVA, 
1-C   or  2-C-'-^)  prepared  enzymatically  by  the  reaction  of  DL-C  -MVA  and 
ATP  with  mevalonic  kinase  from  rabbit  liver.   Assay  of  enzymatic  activity: 
The  disappearance  of  C  -P-MVA  by  paper  chromatography  in  t-butanol-HCOOH- 
HjO.   Enzyme  purification;  A  rabbit  liver  acetone  extract  is  treated  with 
ammonium  sulfate,  protamine  sulfate,  and  DEAE-cellulose  chromatography. 
Identification  of  product:  The  product  is  identified  by  paper  chromatography 
in  a  t-butanol-HCOOH-HoO  solvent  system  and  by  the  incorporation  of  P^^  from 
ATP   during  the  reaction  with  substrate  and  purified  enzyme. 

14 
Objective  2:  The  fate  of  C   labelled  MVA  required  by  Lactobacillus 

acidophilus  for  growth  is  being  studied  with  the  aid  of  analytical,  radio- 
active and  chromatographic  techniques. 

Major  Findings:  Objective  1:  The  enzyme  which  causes  the  disappear- 
ance of  P-MVA  has  been  purified  approximately  100  fold.  The  reaction  re- 
quires ATP  and  Mg"*^.  Cysteine  inhibits  this  reaction  slightly.  The  major 
product  of  the  reaction  appears  to  be  pyrophospho-mevalonic  acid  (PP-MVA) 
as  determined  by  paper  chromatography.   P^^  is  incorporated  into  PP-MVA 
when  P-MVA  is  incubated  with  ATP^^. 
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Objective  2:  Only  preliminary  work  has  been  accomplished  thus  far. 

Proposed  Course  of  Project:   Objective  1:   It  is  planned  to  purify 
the  enzyme  further,  to  identify  the  product  more  carefully,  and  to  study 
the  stoichiometry  of  the  reaction. 

Objective  2:   It  is  planned  to  determine  into  what  product  or  products 
the  label  is  incorporated. 
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Part  B;  Publications 

(1)  Markley,  K. ,  and  Sraallman,  E.   Mevalonic  Kinase  in  Rabbit  Liver, 
Biochim.  Biophys.  Acta.   (Accepted  for  publication). 
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Serial  No.  NIAMD-LPT-14 

1.  Pharmacology  and  Toxicology 

2.  Section  on  Pharmacology 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A: 


Project  Title:  Fatty  Changes  in  Mice  Induced  by  Short-time  Fasting 

Principal  Investigator:  Dr.  S.  H.  Webster 

Other  Investigators:  Mr.  E.  F.  Stohlman 

Cooperating  Units:  Dr.  Benjamin  Higbman,  NIAMD  Pathology 

Man  Years  (Calendar  Year  1960) 

Total:        1-1/3 
Professional:  1 
Other:        1/3 

Project  Description: 

Objectives:  Determination  of  the  duration  of  fasting  necessary  to 
produce  observable  fatty  changes  in  such  organs  as  liver,  heart,  kidneys 
and  adrenals  of  mice  and  the  time  required  for  reversal  of  such  changes. 

Methods  Employed:  Determination  of  neutral  fat  content  and  gross 
and  microscopic  examination  of  above  organs  before,  during  and  after  fast- 
ing. Also,  study  of  organ  weight  and  body  weight  changes  corresponding  to 
these  three  periods. 

Major  Findings:  A  chemical  method  for  the  direct  determination  of 
neutral  fat  in  rat  liver  has  been  developed  elsewhere  in  the  NIH.  This 
unpublished  method  was  available  to  us  late  this  year.  This  method  has 
been  adapted  by  us  for  use  with  certain  organs  of  the  mouse,  namely,  liver, 
kidneys  and  heart.  Work  has  shown  that  the  method  is  sufficiently  sensitive 
for  the  determination  of  neutral  fat  in  50-60  mg.  of  normal  heart  tissue. 
With  the  larger  organs,  such  as  liver  and  kidneys,  no  difficulty  has  been 
experienced. 

Preliminary  results  have  shown  that  fasting  mice  for  24  hours  may 
produce  a  5  to  15  fold  increase  in  liver  fat  and  a  5  to  10  fold  increase 
in  kidney  fat.  However,  the  heart  fat  appears  to  be  only  slightly  increased. 
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Proposed  Course  of  Project;  The  distribution  of  neutral  fat  in  the 
various  organs  under  consideration  will  be  studied  both  chemically  and 
microscopically.  Use  of  standarized  sections  of  tissue  may  be  necessary 
and  pooled  samples  may  be  required  for  chemical  analyses.   Distribution 
of  fat  within  the  organs  also  appears  to  be  of  considerable  interest. 
Since  the  chemical  method  is  very  sensitive,  it  is  expected  that  early 
fatty  changes  can  be  detected  more  easily  than  by  the  usual  microscopic 
method. 
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Part  B;   Honors,  Awards  and  Publications. 
None 
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Serial  No.  NIAMD-LPT-15 

1.  Pharmacology  and  Toxicology 

2.  Section  on  Pharmacology 

3.  Bethesda 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A. 

Project  Title:  Toxicologic  Studies  of  lodates 

Principal  Investigator;  Dr.  S.  H.  Webster 

Other  Investigators:  Mr.  E.  F.  Stohlman 

Cooperating  Units:  Dr.  Benjamin  Highman,  NIAMD  Pathology 

Man  Years  (Calendar  Year  1960) 

Total:         1-5/6 
Professional:   1 
Other:         5/6 

Project  Description: 

Objectives;   The  toxicology  of  iodates  as  a  basis  for  use  of  iodated 
salt. 

Methods  Employed;  Investigation  of  analytical  methods  for  determina- 
tion of  iodate  and  iodide  in  biological  materials;  study  of  distribution 
and  excretion  of  KIO3  after  various  routes  of  administration  to  rodents; 
and  study  of  in  vitro  action  of  KIO_  on  various  biological  materials. 

Major  Findings;  Work  has  continued  on  quantitative  microchemical 
methods  for  determining  iodate  and  iodide  in  urine,  without  the  use  of 
ashing.  Separation  of  the  two  ions  has  been  achieved  through  the  use  of 
a  weakly  basic  ion  exchange  resin,  Amberlite  45.   The  iodate  and  most  of 
the  interfering  materials  in  the  urine  are  eluted  with  0.9%  NaCl  while  the 
iodide  is  removed  by  further  elution,  using  257.  NaCl.  Methods  have  been 
developed  for  removing  from  urine  those  materials  v/hich  are  capable  of 
reducing  iodate  and  those  able  to  bind  free  iodine. 

A  titrimetric  method  for  determination  of  iodate  has  been  developed 
which  permits  the  measurement  of  as  little  as  4y  of  KIO3,  using  only  a 
single  milliliter  of  urine.  This  requires  only  20  minutes.  The  color- 
imetric  method  for  determination  of  iodide  proved  to  be  unreliable  and 
limited  in  range.   However,  a  titrimetric  procedure  was  developed  which 
is  capable  of  determining  as  little  as  1-2  y  o^  KI  in  1  n>l,  of  urine* 
This  procedure  requires  less  than  an  hour  for  completion. 
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By  use  of  these  new  analytical  methods  it  has  been  demonstrated  that 
iodate  undergoes  rapid  reduction  in  the  presence  of  normal  urine.  This  is 
believed  to  be  an  important  clue  to  the  detoxification  mechanism  for  iodate 
in  the  body. 

Proposed  Course  of  Project;  Using  the  sensitive  and  selective  micro- 
methods  just  developed  in  this  work,  v/e  plan  to  study  the  distribtuion  and 
excretion  of  KIO3  after  various  routes  of  administration  to  rodents. 

Study  the  reduction  of  iodate  in  the  gastrointestinal  tract  of  rodents 
after  oral  administration  of  the  drug.   This  study  is  believed  to  be  of 
crucial  importance  in  assessing  the  toxicity  of  iodate  added  to  food. 
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Part  B;  Honors,  Awards*  and  Publications. 

No  publications. 

During  the  past  year  about  one-quarter  of  my  time  has  been  occupied 
as  Chairman  of  the  NIAMD  Editorial  Board.  During  this  time  more  than  450 
manuscripts  have  been  received  and  read  by  one  or  more  of  the  fourteen 
members  of  the  Editorial  Board.  The  Chairman  has  assigned  these  manu- 
scripts to  reviewers  either  within  or  outside  our  Institute  and  has 
evaluated  each  reviewer's  comments.  Six  of  the  manuscripts  required 
revision  before  final  approval  was  given.  A  change  in  procedure,  whereby 
the  author  of  a  manuscript  is  required  to  secure  a  signed  approval  by  a 
reader,  has  been  put  into  effect.   This  has  resulted  in  improvement  in 
manuscripts  and  has  decreased  the  time  necessary  for  processing  them. 
Every  effort  has  been  made  to  expedite  clearance  when  author's  deadlines 
have  had  to  be  met.  A  circular  giving  instructions  to  authors  and 
secretaries  in  the  preparation  of  manuscripts  has  been  revised  to  reflect 
current  procedures. 
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1.  Pharmacology  &  Toxicology 

2.  Biochemical  Pharmacology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  I960 

Part  A 

Project  Title:  Chemical  Studies  on  Nucleosides  and  Nucleotides 
Principal  Investigator:  Graham  A.  Jamieson 
Other  Investigators:  None 
Cooperating  Units:  None 

Man  Tears  (calendar  year  I960): 
Total:  1 

Professional:  2/3 
Other:  1/3 

Project  Description: 

Objectives;  To  investigate  the  chemical  stability  of  nucleosides 
and  nucleotides  under  various  conditions  with  a  view  to  developing  mild 
reagents  for  the  breaking  of  specific  internucleotidic  linkages. 

Methods:  The  extent  of  reaction  of  various  reagents  with  nucleo- 
sides, nucleotides  and  the  respective  bases  has  been  measured  using  paper 
chromatography  and  electrophoresis;  ion-exchange  chromatography  and 
preparative  paper  chromatography  have  been  used  for  preparative  purposes. 

Ma.ior  Findings;  2*  :3'-Isopropylidine-5'-tosyl  inosine  has  been 
found  to  be  markedly  unstable  in  dilute  (.05  M)  sodium  bicarbonate  solution 
yielding  (in  6'  at  60°)  two  products,  one  of  which  is  spectrally  different 
from  inosine.  Further  decomposition  occurs  to  a  compound  absorbing  at 
270  mil.     The  two  initial  compovmds  appear  to  be  identical  with  two  formed  by 
the  action  of  dimethylsulfoxide  on  the  nucleoside  (l40°/25')  and  may  reflect 
the  weakly  basic  character  of  this  reagent.  Also  formed  with  dimethyl- 
sulfoxide is  a  compound  with  an  unexpectedly  high  absorption  maximum  (305  mlu.) 
which  imdergoes  a  large  hypsochromic  shift  (to  269  m/i)  in  alkali.  Neither 
the  cleavage  of  the  isopropylidine  group,  nor  the  formation  of  cyclonucleo- 
sides  appears  to  be  involved  in  these  reactions. 

Significance  to  NIAMD  Research;  These  studies  are  directed  towards 
an  understanding  of  basic  nucleoside  chemistry. 

Proposed  CoTirse  of  Research:  The  isolation  and  identification  of 
these  compounds  is  in  progress. 

Part  B  included   [  ]  Yes  [x]  No 
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1.  Physical  Biology 

2.  Blonucleonics 

3.  Bethesda 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A. 


Project  Title:   Studies  of  Macromolecular  Synthesis  in  Microorganisms 

Principal  Investigator:   Ellis  Kempner 

Other  Investigators:  Jay  Miller 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960) : 
Total:   1-1/2 
Professional:   1 
Other:   1/2 

Project  Description: 

Objectives:   (1)  An  understanding  of  the  synthesis  of  macronxslecules  by 
living  systems  (a)  by  a  study  of  the  utilization  of  normal  compounds, 
and  (b)  by  a  study  of  the  modification  of  such  utilization  by  specific 
metabolic  analogs. 

Methods  Employed:   Growth  of  cultures  of  microorganisms  in  the  presence 
of  radioactive  labelled  compounds;  chemical  and  physical  fractionation 
of  cellular  materials  by  ultracentrifugation,  chromatographic  separa- 
tion, and  chemical  utilization. 

Major  Findings:   Metabolic  studies  of  the  yeast,  Candida  utilis,  which 
were  reported  last  year  have  been  continued.   Our  emphasis  has  shifted 
from  a  study  of  protein  synthesis,  per  se,  to  a  more  general  considera- 
tion of  macromolecular  metabolism.   The  utilization  of  exogenously  sup- 
plied uracil  and  its  analog,  f luorouracil,  have  shown  that  uracil  is 
incorporated  only  into  RNA  and  not  into  DNA(as  has  been  reported  for 
other  nucleic  acid  bases  in  this  organisiri).  Fluorouracil  is  an  analog 
solely  of  uracil  and,  therefore,  allows  the  study  of  the  selection  by 
the  cell  between  these  two  compounds.  Whereas  phenylalanine  and  its 
analog,  para-f luorophenylalanine,  is  selected  in  two  observable  steps 
in  the  metabolic  pools  of  this  organism  (as  was  reported  last  year), 
the  nucleic  acid  synthesis  mechanism  has  been  found  to  be  able  to 
select  in  at  least  three  observable  steps.  These  steps  are:   the  se- 
lection of  pyrimidines  from  the  external  medium  into  the  "expandable" 
pool;  a  second  distinction  in  the  transfer  from  the  expandable  pool  to 
the  "internal"  pool  (this  step  corresponds  to  the  formation  of  nucleo- 
sides and  nucleotides  from  the  free  bases  in  the  expandable  pool),  and 
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the  final  observable  step  is  the  transfer  of  these  nucleotides  into 
the  cellular  RNA.   In  addition,  the  comparison  of  uracil  and  fluorour- 
acil  incorporation  into  the  soluble  RNA  and  the  microsomal  RNA  of  the 
cell  has  shown  that  they  are  identical  analog  substitution. 

The  effect  of  fluorouracil  on  the  utilization  and  distribution  of 
carbon  obtained  from  a  sole  carbon  source,  fructose,  has  shown  that 
DNA  synthesis  in  this  organism  proceeds  for  approximately  one  genera- 
tion time  in  the  presence  of  the  analog  and  then  ceases,  while  all 
other  chemical  fractions  of  the  cell  continue  to  increase  linearly 
with  time  for  two  to  three  times  this  period.   It  has  widely  been  re- 
ported in  the  literature  that  DNA  synthesis  in  a  variety  of  organisms 
is  almost  instantly  blocked  by  fluorouracil.   In  the  case  of  C.  utilis 
the  continuation  of  DNA  synthesis  is  almost  certainly  due  to  the  pres- 
ence of  a  pool  of  thymidine  which  is  available;  therefore  DNA  synthesis 
does  not  cease  until  this  supply  is  exhausted. 


Fart  B  included  Yes 
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Project  Title:   Effects  of  Nuclear  Radiation  on  Biological  Systems 

Principal  Investigator:  C.  W.  Malich 

Other  Investigators:  R.  J.  Holthaus  (shared  with  other  members  of  the 
Section) 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960) : 
Total:   2 
Professional:   1 
Other:   1 

Project  Description: 

Objectives:   An  understanding  of  biological  systems  (a)  by  study  of  the 
effects  of  nuclear  radiations  (e.g.  neutrons,  gamma  rays,  electrons, 
protons)  collectively  and  individually  on  systems,  and  (b)  by  using 
nuclear  techniques  to  study  normal  processes  of  cellular  constituents 
and  aggregates. 

Methods  Employed:   Microorganisms  and  other  systems  exposed  to  distinc- 
tive radiation  fields  are  assayed  for  specific  cellular  and  molecular 
changes,  using  standard  procedures  and  where  possible  developing  new 
techniques  for  the  production  and  dosimetry  of  the  radiations  desired 
and  for  the  special  assays  required. 

Major  Findings:   The  400  Kev  positive  ion  accelerator  was  Installed  and 
tested.   Neutron  spectrometers  developed  to  date  have  been  used  for 
surveys  of  thermal,  eplthermal,  and  fast  neutrons  in  the  moderator. 
Present  development  of  detectors  is  primarily  concerned  with  inter- 
mediate neutrons  and  gamma  radiation,  and  with  point  dosimeters  for 
biological  specimens.   The  moderator  and  its  shielding  was  redesigned 
to  enhance  the  thermal  neutron  flux,  to  diminish  the  fraction  of  un- 
moderated  14  Mev  neutrons  and  associated  gammas,  and  to  reduce  the 
radiation  in  the  laboratory  to  permissible  levels.   The  neutron  yield 
(6  X  10  thermal  neutrons/ cm  /sec  per  lOO^amp  at  300  Kev,  one  foot  from 
a  moderately  used  target)  is  well  over  100  times  that  of  the  Po-Be 
source.   The  present  moderator  is  near  a  practical  optimum  for  the  .   . ' 
available  space  and  the  only  major  change  seriously  contemplated  is  a 
makeshift  fast  neutron  irradiation  chamber. 
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This  installation,  instrumentation,  and  calibration  has  been  the  pri- 
mary responsibility  of  C.  W.  Malich.   R.  J.  Holthaus  has  devoted  much 
of  his  time  to  construction  and  repair  of  electronic  and  other  instru- 
ments and  to  assistance  with  the  installation  and  operation  of  the 
accelerator. 

The  mixed  radiation  field  attained,  while  not  ideal,  should  be  useful 
with  suitable  corrections  for  a  number  of  biological  researches.   The 
increased  staff  now  allows  emphasis  on  collaborative  work  (presently 
explorative)  in  several  areas:   (1)  details  of  cataract  formation 
(Trokel),  (2)  neutron  effects  on  proteins  (Preiss),  and  (3)  radiation 
damage  of  Euglena  and  other  microorganisms  (Malich  and  colleagues). 
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Project  Title:   The  Use  of  Controlled  Energy  Electron  Bombardment  to 

Study  Macromolecular  Structure,  Macromolecular  Interac- 
tions, and  the  Localization  of  Intracellular  Components 

Principal  Investigator:  John  W.  Preiss 

Other  Investigators:   Dr.  Morris  Belkin,  Chief,  Section  on  Cellular 
Pharmacology,  LCP,  NCI  (Major  Findings  -  II) 

Cooperating  Units:   LCP,  NCI 

Man  Years  (calendar  year  1960) 
Total:   1-1/4 
Professional:   1-1/4 
Other:  None 

Project  Description: 

Objectives:   (1)  To  study  the  structure  and  function  of  globular  proteins, 
especially  with  reference  to  their  tendency  to  form  complexes  with 
acid  polymers  (as  in  nucleoproteins);  (2)  to  study  the  structure  and 
function  of  macromolecules  which  are  involved  with  cell  wall  function 
(as  are  the  polysacharides);  (3)  to  localize  intracellular  enzymes  in 
organisms  too  small  for  histochemical  methods.   It  is  desired  to  find 
out  whether  or  not  geometric  order,  corresponding  to  biochemical  lines 
or  cycles  of  events  exist. 

Methods  Employed:   Irradiation  of  macromolecules  or  cells,  followed  by 
either  (a)  light  scattering  studies  and  techniques  described  below,  or 
(b)  the  assay  of  enzymic,  or  other  biological  activities.   The  irrad- 
iations are  carried  out  in  a  device  which  has  been  constructed  espec- 
ially for  these  purposes. 

Major  Findings:   I.   It  has  been  discovered  that  basic  globular  proteins 
which  have  been  subjected  to  dry,  in  vacuo  electron  bombardment  ac- 
quire the  ability  to  induce  an  excess  turbidity  in  polynucleotide 
solutions.   This  turbidity  is  a  non-mono tonic,  protein  characteriz- 
ing function  of  ionizing  radiation  dose.  Experiments  have  been  and 
are  being  performed  to  find  out  which  parts  of  the  primary,  second- 
ary, and  tertiary  structure  are  responsi.ble  for  the  wealth  of  detail 
which  has  been  observed.   An  analytical  treatment  of  the  data  has  been 
published.   This  treatment  yields  functions  which  have  the  proper 
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foirms.   The  liq>ortance  of  the  isoelectric  pH  and  laolecular  weight  of 
the  proteins  has  already  been  demonstrated.   An  experimental  proof  of 
the  importance  of  the  number  of  S-S  bridges  is  now  being  carried  out. 

Significance: 

1.  This  is,  as  far  as  I  know,  the  only  work  ever  performed  which 
utilizes  higher  than  first  or  second  order  primary  ionizations  in  an 
irradiation  process.   Thus  the  very  precise,  large  number  statistics 
of  radiation  processes  (a  naturally  occurring  statistic)  may  be  put 
to  use. 

2.  Large  molecules,  accessible  both  by  virtue  of  size  and  solution 
concentration  to  light  scattering  methods,  act  as  indicators  of 
changes  in  smaller  molecules,  present  in  what  would  ordinarily  be  in- 
significant concentrations. 

3.  There  is  no  reason  to  suppose  that  large  basic  polymers  couldn't 
be  the  indicators,  and  thus,  acid  proteins  could  be  studied  in  the 
same  manner.   The  sensitivity  of  the  method  could  possibly  be  useful 
for  smaller  polypeptide  detection,  or  even  insulin. 

4.  The  functions  show  that  definite  energy  sinks  for  not  only  the 
first,  but  also  the  higher  order  primary  ionizations  exist.  Does 
such  an  ordered  series  exist  for  irradiation  with  neutrons?  This  may 
be  the  starting  point  for  finding  out  why  we  don't  recover  from  neu- 
tron damage. 

II.  The  molecular  weight  of  a  polymer  (extracted  from  goldenrod)  which 
is  responsible  for  the  production  of  vacuoles  in  ascites  tumor  cells 
was  sought.   Electron  bombardment  techniques  have  been  able  to  show 
that  the  active  moiety  responsible  for  the  above  mentioned  activity 
is  somewhat  smaller  (about  9,000)  than  was  expected.   This  work  was 
begun  in  1959  in  collaboration  with  Dr.  Morris  Belkin  of  the  NCI. 
The  inactivation  of  the  property  is  single  hit  in  character.  The 
value  of  the  active  moiety  molecular  weight  was  obtained  by  comparing 
its  inactivation  function  with  those  of  two  globular  proteins,  ribo- 
nuclease  and  invertase,  which  were  subjected  to  the  same  treatment. 

Significance: 

1.  The  active  moiety  of  this  large  molecule  is  much  smaller  than  had 
been  generally  anticipated. 

2.  Further  work  should  disclose  whether  other  properties  of  the  poly- 
saccharide have  been  attenuated  or  altered,  e.g.,  pyrogenicity,  im- 
munity to  subsequent  injections,  capacity  to  lower  blood  pressure, etc. 

III.  Preliminary  work  with  a  Beckman  spectrophotometer,  modified  to 
study  photo taxis  in  Euglena,  has  shown  that  the  organisms  do  not  seek 
the  source  of  light.   They  appear  to  wander  into  the  illuminated  area 
of  the  culture  cell,  and  then  settle  to  the  bottom.  Motion  of  both 
the  detector  and  source  of  light  relative  to  the  culture  is  possible. 
This  has  made  it  possible  to  scan  the  cell  so  as  to  measure  not  only 
the  Euglena  density  rise  in  the  illuminated  area  with  time,  but  also 
the  density  gradient  in  the  neighborhood  of  this  area  (at  any  time). 

Part  B  included:  Yes 
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Project  Title;   Factors  Governing  Cellular  Differentiation 

Principal  Investigator:   Norman  D.  Levine 

Other  Investigators:   Charles  Greenblatt 

Cooperating  Units:   Photobiology  Section,  LPB 

Man  Years  (calendar  year  1960) : 
Total:   1/3 
Professional:   1/3 
Other:   None 

Project  Description: 

Objectives:   (1)   An  understanding  of  the  factors  involved  in  the  differ- 
entiation of  embryonic  cells  in  tissue  culture.  (2)   A  study  of  the 
mechanisms  whereby  various  agents^  particularly  nuclear  and  X-radia- 
tion,  may  disrupt  the  pattern  of  orderly  cellular  differentiation. 
(3)   To  ascertain  by  what  means  similar  embryonic  cells  will  reaggre- 
gate  in  heterogeneous  suspensions  of  disaggregated  cells.   (4)   An  at- 
tempt to  arrive  at  a  model  which  hopefully  would  serve  as  a  device  to 
characterize  the  kind  of  information  disseminated  by  dividing  cells 
which  allows  them  to  accumulate  and  assume  new  and  special  properties 
and  functions.   (5)   The  calcification  of  cartilage  anlage  will  be 
used  as  one  further  parameter  of  differentiation.   It  is  hoped  thereby 
to  accumulate  information  generally  applicable  to  calcification  in 
biological  systems. 

Methods  Employed:   Embryonic  tissues^  in  particular  5-day  chick  limb  buds, 
are  trypsinized  and  dissociated  generally,  following  the  methods  of 
A.  Moscana  (J. Exp. Cell  Research,  1951).   These  are  washed,  centrifuged, 
and  suspended  in  modified  Eagles  Basal  Medium.   Counted  aliquots  are 
diluted  and  incubated  in  Falcon  flasks  and  observed  for  aggregation, 
growth,  and  differentiation  optically  and  biochemically.   Following 
preliminary  experiments,  it  is  planned  to  quantitate  aggregation  by 
light  scattering;  subject  suspensions  to  various  agents  at  specific 
times  in  their  growth  cycles;  and  to  grow  suspensions  on  chorioallan- 
toic membranes  (P.Weiss, PNAS  46,  1960)  utilizing  methods  which  would 
hopefully  illuminate  the  problem  of  the  existence  of  an  extrinsic  or- 
ganizer and  its  role  in  cellular  differentiation. 

Part  B  included:   No 
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Project  Title:  Effect  of  Radiations  on  Biological  Systems 

Principal  Investigator:   Stephen  Trokel 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960) : 
Total:   1/2 
Professional:   1/2 
Other:  None 

Project  Description: 

Objectives:   (1)   The  quantitative  description  of  biological  effects  of 
various  forms  of  ionizing  radiations. 

Methods  and  Major  Findings:   Studies  using  low  voltage  electrons  to 

localize  the  site  of  p-Galactosidase  formation  in  E.  coli  B  were  insti- 
tuted. Attempts  to  maintain  the  viability  of  the  organism  in  vacuo 
using  glycerol  treatment,  then  liquid  nitrogen  freezing,  followed  by 
insertion  into  vacuum  environment  were  unsuccessful.   It  was  confirmed 
that  57o  glycerol  pretreatment  would  protect  in  a  freezing  environment 
but  viability  was  not  maintained  after  insertion  in  vacuum.   Further 
efforts  are  being  bent  towards  this  end. 

A  tissue  culture  system  enqiloying  the  rabbit  lens  has  been  designed 
after  Schwartz,  AMA  Archives  of  Ophthalmology,  April  1960,  Vol.  63, 
pp.  593-606.  A  Model  4-6000  Aminco  light  scattering  photometer  has 
been  obtained  from  surplus  and  is  being  restored.  A  dissection  has 
been  devised  which  will  enable  the  lens  to  be  supported  in  a  chamber 
which  will  serve  simultaneously  as  a  light  scattering  cell  and  tissue 
culture  chamber. 

This  system  will  be  used  to  measure  the  light  scattered  from  the  436ii|i 
mercury  line  incident  on  the  axis  of  the  lens.   It  is  hoped  this  will 
serve  as  (1)  a  criteria  of  cellular  integrity  in  the  tissue  cultured 
lens,  and  (2)  a  biological  parameter  which  can  be  used  to  quantitate 
radiation  damage.   This  system  will  hopefully  be  used  in  studying  the 
relative  biological  effect  of  neutron  and  roentgen  irradiation. 

Part  B  included:  No 
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Project  Title:   Investigation  of  the  macromolecular  organization 
of  living  matter. 

Principal  Investigator:   L.  W.  Labaw 

Other  Investigators:   V.  M.  Mosley 

Cooperating  Units:   None 

Man  Years  (calendar  year  1960) 


Total: 

Professional: 

Other: 


Project  Description: 

Objectives:   To  gain  information  about  the  macromolecules  that  are 

essential  constituents  of  living  matter,  to  see  how  they  are  arranged 
in  the  structures  they  form  and  to  see  how  this  arrangement  is  altered 
by  infections  and  degenerative  disease.  To  study  certain  of  these 
macromolecules,  such  as  viruses  and  other  proteins,  in  purified  form 
after  isolation  from  the  living  material.  To  improve  the  resolution 
of  the  electron  microscope  and  to  interpret  the  way  in  which  images 
are  formed  near  its  limit  of  resolution. 

Methods  employed:   The  electron  microscopy  of  microorganisms,  cells  and 
tissues  in  suspension  or  thinly  sectioned.  The  physicochemical 
characterization  of  macromolecular  components  isolated  from  such 
material  using  electron  microscopy.  X-ray  diffraction,  and  similar 
established  techniques;  the  development  of  new  physical  procedures, 
including  X-ray  microscopy  and  long  wavelength  X-ray  diffraction,  to 
further  such  characterization. 

Major  findings:   Crystals  of  organic  compounds  having  molecular  weights 
from  500  to  700  have  molecular  plane  spacings  that  should  be  resolv- 
able in  the  electron  microscope.   It  was  previously  shown  that  such 
crystals,  when  properly  oriented,  act  as  phase  rather  than  intensity 
gratings.  As  such,  they  give  crystal  images  which  show  striations 
only  out  of  focus  with  periodicities  equal  to  or  one-half  of  the 
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molecular  plane  spacings  as  determined  by  X-ray  and  electron  dif- 
fraction. Under  slightly  different  experimental  conditions,  the 
images  of  some  of  these  same  crystals  are  striated  in  and  out  of 
focus  with  a  periodicity  of  twice  the  molecular  plane  spacing.  This 
new  observation  is  apparently  caused  by  double  diffraction  in  the 
crystal.  Double  diffraction  introduces  spots  in  the  electron  dif- 
fraction pattern  in  the  back  focal  plane  of  the  objective  lens  which 
are  not  representative  of  the  structure.  These  spots  cause  inter- 
ferences of  electron  waves  in  image  space  which  are  sensibly 
independent  of  focus . 

Significance  to  the  program  of  the  Institute:   It  has  been  demonstrated 
that  periodic  objects  are  not  always  imaged  as  such  in  the  electron 
microscope  and  further  that  when  one  does  get  a  striated  image  from 
a  periodic  object,  the  period  of  the  striations  may  be  one-half,  equal 
to,  or  twice  that  of  the  object.   It  is  believed  important  to  try 
to  define  the  conditions  producing  these  artifacts  to  facilitate  the 
correct  interpretation  of  fine  structures  appearing  in  electron 
micrographs,  particularly  those  near  the  limit  of  instrument  resolution, 

Proposed  Course  of  the  Project:   Investigate  other  crystals  to  see 

whether  the  double  diffraction  hypothesis  can  correctly  explain  the 
most  recently  obseirved  artifact  and  to  correlate  this  with  observed 
striations  associated  with  super-lattice  spacings  of  inorganic 
crystals. 


Part  B  included  Yes 
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Publications  other  than  abstracts  from  this  project: 

Labaw,  L.  W.:   Electron-microscopic  Observations  of  the 
Interference  Patterns  from  Crystal  Lattices.  J.  Ultra- 
structure  Research  4:   92-107,  1960. 

Nylen,  Marie  U.,  Scott,  David  B.,  and  Mosley,  Vernon,  M.: 
Mineralization  of  Turkey  Leg  Tendon.   II.  Collagen- 
Mineral  Relations  Revealed  by  Electron  and  X-ray  Microscopy. 
Calcification  in  Biological  Systems,  pp.  129-144,  copyright 
1960  by  AAAS,  Washington,  D.  C. 
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Project  Title:  The  physical  chemistry  of  membranes  and  complex 
membrane  systems  of  biological  interest. 

Principal  Investigator:  Karl  Sollner 

Other  Investigators:   S.  Roy  Caplan;  Gerald  M.  Shean;  and  Stanley  D. 
James  (left  November  14,  1960). 

Cooperating  Units:   Loose  cooperation  is  maintained  with  Dr.  Charles  W. 
Carr,  Associate  Professor,  Dept.  of  Physiological 
Chemistry,  Medical  School,  Univ.  of  Minnesota,  and 
vith  Dr.  Eugene  Grim,  Associate  Professor,  Dept.  of 
Physiology,  Univ.  of  Minnesota. 

Man  Years  (calendar  year  1960) 
Total:  4 

Professional:    4 
Other:  0 

Project  Description: 

Objectives:  A  physlcochemical  study  of  membranes  and  membrane  model 
systems  with  the  purpose  of  providing  a  rational  physlcochemical 
basis  for  the  elucidation  of  numerous  phenomena  in  living  organisms, 
for  instance,  electrolyte  balance  and  electrolyte  distribution,  the 
accumulation  of  electrolytes  in  living  cells,  cell  and  nerve 
potentials,  and  e lee trophysio logy  in  general. 

Methods  employed:   The  preparation  of  porous  membranes  of  highly  charac- 
teristic and  specific  electrochemical  properties  (the  methods  having 
been  worked  out  by  the  principal  investigator  and  his  collaborators), 
and  recently  also  of  oil  membranes  of  somewhat  similar  characteris- 
tics and  the  investigation  of  these  membranes,  and  of  membrane 
systems  in  which  such  membranes  are  functional  parts,  by  physico- 
chemical,  especially  electrochemical,  methods,  such  as  potential  and 
resistance  measurements,  also  by  chemical  analytical  procedures, 
including  radioactive  tracer  methods. 

Major  findings:  In  working  up  unpublished  data  on  the  self-exchange  and 
allo-exchange  (A  ^=^  B)  of  ions  across  permselectlve  membranes  a  ntosC 
satisfactory  agreement  between  experiment  and  theory  was  confirmed. 
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The  resistances  of  permselective  cation  exchange  membranes  in  the 
magnesium,  calcium,  strontium,  and  barium  states  were  found  to 
exhibit  a  pronounced  frequency  dependence.  The  cause  of  this  effect 
and  its  physicochemical  meaning  have  become  the  major  objective  of  a 
current  study. 

Some  anomalies  in  the  electroosmotic  behavior  of  certain  highly 
charged  membranes  (unpublished  data  by  Carr  and  Sollner)  can  not  be 
accounted  for  either  by  classical  or  by  the  currently  discussed  con- 
cepts in  the  field.  On  the  basis  of  recent  developments  in  the 
chemistry  of  polyelectrolytes  it  was  possible  to  show  that  the  coiling 
and  uncoiling  of  polyelectrolytes  which  are  incorporated  in  these 
membranes  during  their  preparation,  play  in  many  instances  a  decisive 
role  in  the  electrochemical  behavior  of  the  membranes,  particularly 
with  membranes  of  high  porosity.  The  consideration  of  this  "contrac- 
tile effect",  the  reversible  coiling  and  uncoiling  of  the  polyelectro- 
lytes, has  also  led  to  a  considerable  improvement  and  rationalization 
of  the  preparation  of  polyelectrolyte  activated  membranes. 

In  the  face  of  considerable  experimental  difficulties,  significant 
progress  has  been  made  in  the  study  of  nonstructural,  homogeneous 
("oil")  membranes,  especially  preferentially  anion  permeable  membranes 
of  an  extreme  degree  of  ionic  selectivity  and  high  transmissivity  for 
anions.  These  new  type  membranes  show  much  greater  ionic  selectivi- 
ties  and  much  higher  reaction  rates  than  those  described  in  the 
literature.  Distribution  (Donnan)  equilibria  with  respect  to  the 
anions  in  the  adjacent  solutions  are  established  at  an  experimentally 
useful  rate  (one  to  four  days)  while  the  simultaneous  exchange  of 
cations  is  below  the  limits  of  analytical  accuracy.  Thus  these  mem- 
branes represent  greatly  improved  objects  for  the  physicochemical 
study  of  oil  membranes  in  general. 

Experimental  work  on  an  improved  model  for  the  accumulation  of  elec- 
trolytes, of  anions,  and  of  cations  simultaneously  (Science,  124;  939, 
1956,  once  more  has  confirmed  the  correctness  of  the  previously 
developed  theory.  Several  unexpected  experimental  difficulties  were 
"  encountered;  the  rather  involved  experiments  necessary  in  these  tests 
will  require  a  great  deal  of  additional  work  before  the  material  will 
be  ready  for  publication. 

Significance  to  NIAMD  Research:   In  order  to  understand  electrolyte 
relationships  in  living  cells  and  tissues,  it  is  necessary  to  have 
accurate  information  on  membrane  model  systems  which,  under  care- 
fully controlled  known  conditions,  reproduce  at  least  some  of  the 
major  J^  vivo  phenomena.  The  work  of  recent  years,  particularly  the 
study  of  polyionic  potentials,  of  absolute  and  relative  rates  of 
ionic  fluxes  under  various  conditions,  and  the  construction  of  an 
in  vitro  model  of  electrolyte  accumulation  have  brought  us  signifi- 
cantly nearer  to  an  understanding  and  an  in   vitro  reproduction  of  the 
type  of  effects  which  ultimately  must  govern  the  tti   vivo  osmotic 
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behavior  of  cells  and  tissues.  The  work  already  carried  out  indicate: 
that  even  fairly  complex  membrane  systems,  similar  to  those  found  in 
living  nature,  may  prove  in  the  foreseeable  future  amenable  to  a  com- 
plete and  quantitative  physicochemical  analysis. 

Proposed  Course  of  Project:  Further  experimental  work  on  electrolytic 
accumulation  against  concentration  gradients.  Further  work  on  mem- 
brane hydrolysis  and  its  influence  on  membrane  potentials.  Resump- 
tion of  the  work  on  the  absolute  rate  of  exchange  of  ions  across 
permselective  membranes,  from  the  experimental  and  theoretical  point 
of  view.  A  study  of  the  behavior  of  permselective  membranes  in 
systems  with  bivalent  critical  ions:   concentration  potentials, 
resistances,  bi-ionic  potentials.  Accelerated  continuation  of  the 
studies  on  oil  membranes  on  the  basis  of  the  above  described  results. 
Over  the  long  range  many  of  the  effects  studied  with  permselective 
membranes  over  the  last  20  years,  such  as  their  use  as  membrane 
electrodes,  or  in  the  study  of  membrane  equilibria,  or  in  the  investi- 
gation of  ionic  specificities,  etc.,  should  also  be  investigated  with 
oil  membranes,  as  far  as  they  lend  themselves  satisfactorily  to  these 
purposes . 

An  attempt  will  be  made  to  use  carborundum  crystals  as  reference 
electrodes,  which  are  not  affected  by  the  composition  of  the  ambient 
solutions.  This  is  a  long  shot  attempt  to  solve  in  part  a  central 
problem  of  partial  electrochemistry,  in  the  meaningful  measurement 
of  electromotive  forces. 

In  addition,  largely  depending  on  the  availability  of  a  suitable 
collaborator  a  study  is  planned  of  the  forces  which  operate  in  the 
spontaneous  formation  of  regular  structures  of  microscopic  and  sub- 
microscopic  (but  greater  than  molecular)  dimensions.  Long  range 
forces  of  attraction  and  repulsion  between  microscopic  and  submicro- 
scopic  particles  are  known  to  exist.  These  forces  are  accessible  to 
quantitative  measurements  by  methods  developed  by  the  senior  investi- 
gator before  coming  to  NIH.  These  studies  are  designed  to  furnish  an 
insight  into  the  physical  forces  which  create  organized  structures  of 
various  levels  of  complexities  as  those  existing  in  living  systems. 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  B:  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

McClintock,  Ruth,  Neihof,  Rex,  and  Sollner,  Karl:   The 
Relative  Rates  of  Electroraigration  of  Different  Ions  of 
the  Same  Charge  Across  Perraselective  Membranes.  J.  Electro- 
chem.  Soc.  107;   315-324,  1960. 

Grim,  Eugene  and  Sollner,  Karl:  True  Anomalous  Osmosis  in 
Multi-Solute  Model  Membrane  Systems.  J.  Gen.  Physiol.  44: 
381-392,  1960. 
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1.  Physical  Biology 

2.  Photobiology 

3.  Bethesda 


PHS  -  NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:   General  Project  Domain  of  Section  - 

Molecular  Mechanisms  of  Radiant  Energy 
Transformation  in  Biological  Structure. 

Principal  Investigator:   Frederick  S.  Brackett 

Other  Investigators:      (by  projects  -  a  to  g) . 

(a)  R.  A.  Olson  and  E.  K.  Engel 

(b)  W.  A.  Hagins  and  R.  G.  Adams 

(c)  C.  L.  Greenblatt 

(d)  E.  D.  Becker  and  R.  B.  Bradley 

(e)  E.  Charney 

(f)  N.  E.  Sharpless  and  J.  R.  Mills  (O.S.Temmer  &  W.E.Grieb) 

(g)  U.  Weiss  and  H.  Ziffer 

Supporting  Activities: 

Electronic  Development  -  Mr.  Lawrence  Showkeir 
Instrument  Development  -  Mr.  Charles  E.  Lohr,  Jr. 
Data  Processing        -  Mr.  Wm.  E.  Hahn,  Jr. 
Secretary  -  Miss  Carmelia  M.  Joy^ 

Co-operating  Units: 

National  Cancer  Institute 

National  Heart  Institute 

National  Institute  of  Neurology  &  Blindness 

National  Institute  of  Mental  Health 

Marine  Biological  Laboratory,  Woods  Hole,  Mass. 

Navy  Medical  Research  Institute,  Bethesda,  Md. 

University  of  Maryland 

University  of  Minnesota 

U.S.  Dept.  of  Agriculture,  Beltsville,  Md. 

Man  Years: (Calendar  Year  1960) 
Total:       18 
Professional:  12 
Other :        6 
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Project  Descriptions: 

Objectives:   Basic  inquiry  into  the  mechanism  of  the  biological 

action  of  radiation.  Program  comprises  three  areas: 

I.  Studies  of  photomechanism  in  living  systems. 

(a)  Radiant  energy  transfer  and  storage  -  photosynthesis 
and  chemosyn thesis  in  living  cells.  -  Olson  6e  Engel 

(b)  The  physical  and  chemical  basis  of  photoreception. 
Hagins  and  Adams 

(c)  Radiant  action  on  cellular  reproduction  and 
differentiation.   Greenblatt 

II.   Studies  of  photochemistry  and  molecular  structure, 

related  to  photomechanisms,  partial  systems  and  models. 

(d)  Molecular  structure  determined  by  spectroscopic 
methods  -  Infrared,  NMR,  and  EPR.  Becker  &  Bradley 

(e)  Organization  and  intermolecular  forces;  polarization, 
dipole  moment  and  field  influences.   Charney 

(f)  Action  of  radiation  on  biologically  important  compounds 
-  Photochemistry  of  calciferol  -  its  isomers  and 
precursors.   Sharpless,  (Temmer  6e  Grieb),  Adams 

(g)  Chemistry  and  biosynthesis  of  pigments  and  other 
natural  compounds  -  photodynamic  properties  - 
optical  rotatory  dispersion  and  photochemical 
contribution.   Weiss  &  Ziffer 

III.  Data  processing  and  instrumentation. 

Original  design  and  development  of  instruments  and  methods 
to  facilitate  or  make  possible  the  research  of  the  section. 
Brackett,  Hahn,  Showkeir,  and  Lohr. 

Methods  Employed:   While  the  methods  of  radiometry  and  spectroscopy 
predominate  in  our  studies,  the  greatest  variety  of  other  tech- 
niques are  employed  as  dictated  by  the  course  of  the  experiments, 
including  microscopy,  radioactive  tracing,  gas  chromatography, 
polarography,  polarimetry,  etc.   Pioneer  work  is  being  done 
both  in  spectroscopic  technology  and  in  data  logging  as  an 
access  to  electronic  processing  and  high  speed  computation. 
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Major  Findings:   Some  selected  highlights  of  the  findings  of 
this  group  will  be  summarized.   Individual  reports  are  more 
representative.   Ify  own  interest  concerns  all  these  fields, 
but  time  permits  only  a  limited  participation. 

I.   (a)  Because  of  the  lack  of  understanding  of  the  physical- 
chemical  nature  of  the  primary  step  in  photomechanisms 
of  biological  interest,  early  transient  phenomena  are 
of  special  significance. 

Dr.  Olson  has  developed  a  spectromicrophotometer  for 
observing  fluorescent  spectra  and  absorption  changes 
at  half-second  intervals.   One  transient  phenomenon 
observed  at  high  light  intensity  has  been  studied 
which  is  shown  to  require  both  oxygen  and  interface 
distribution.   This  is  of  special  interest  as  to  the 
role  of  molecular  organization. 

(b)  Dr.  Hagins,  conducting  a  series  of  experiments  on 
photoreception  has  shown  that  Potassium  ion  is 
selectively  concentrated  in  squid  photoreceptor  and 
exhibits  a  markedly  increased  outflow  under  the 
influence  of  light.   He  is  interested  in  exploring 
the  relation  between  photochemical  and  electro- 
physiological processes  in  photoreceptors. 

(c)  Dr.  Greenblatt,  working  with  the  co-operation  of 
Dr.  Elkind,  has  shown  that  clonal  techniques  of 
studying  survival  and  the  changes  in  chromosome 
properties  can  be  used  with  advantage  in  cell 
cultures  of  the  Chinese  Hamster.  His  efforts  to 
relate  chromosome  changes  to  lethality  has  led 
him  to  postulate  a  model  of  considerable  interest. 

II.   (d)  Dr.  Becker  has  extended  his  studies  of  porphyrins 
by  NMR  and  studied  a  long-lived,  highly  colored 
free  radical  with  EPR.   He  and  Mr.  Bradley  have 
shown  the  wide  application  of  NMR  methods  to  a 
great  variety  of  problems  through  collaboration 
with  investigators  of  other  organizations.  Much 
foundation  work  in  this  field  has  been  accomplished. 

(e)  Dr.  Charney  has  developed  methods  of  studying  polar 
molecules  in  a  glycerol-water-salt  solution  glass  at 
liquid  nitrogen  temperature.  Different  nucleosides 
exhibit  characteristic  differences  in  the  sharpening 
of  their  spectral  bands,  of  considerable  interest  in 
protein  and  of  nucleic  acid  studies. 
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Major  Findings:   (cont'd) 

(£)   Steroid  studies  have  progressed  along  several  lines. 

Sharpless  and  Tennner  have  established,  through  chemical 
analysis,  the  quantum  requirements  for  ergosterol  trans- 
formation.  Their  findings  agree  with  Havinga  at  2536 
and  provide  values  at  other  wavelengths  2650,  2800,  3021. 
This  supplements  the  information  on  the  time  course  of 
tachysterol  and  precalciferol  from  previous  studies  at 
these  several  wavelengths. 

These  data  are  being  studied  by  analogue  computer. 
This  method  provides  an  elegant  means  of  exploring 
different  model  systems.   Through  the  courtesy  of 
Drs.  Cole  and  Chandler  of  the  National  Institute  of 
of  Neurology  and  Blindness,  analogue  facilities  have 
been  made  available  to  Mr.  Hahn  and  myself  for  this 
work . 

Dr.  Adams  has  studied  the  changes  produced  in  ergosterol 
by  short  flashes  of  high  intensity  radiation,  and  also 
some  of  the  changes  produced  by  ultraviolet  radiation 
in  steroids  at  the  temperature  of  liquid  nitrogen. 
These  clearly  demonstrate  the  importance  of  thermal 
reactions  in  these  complex  isomer izations. 

(g)  Observations  of  the  optical  rotatory  dispersion  in 
the  ultraviolet  by  Drs.  Weiss  and  Charney  suggest 
that  the  Cotton  effects  of  ergosterol  and  its  stereo- 
isomers can  not  be  explained  solely  through  action  of 
the  asymmetric  carbon  atoms  adjacent  to  the  dienic 
chromophore;  a  contribution  by  this  chromophore  itself 
may  have  to  be  assumed.   In  that  case,  deviation  from 
planarity  would  have  to  be  postulated  for  the  dienic 
system.   This  theoretically  interesting  possibility 
is  being  explored  further. 

Dr.  Ziffer  has  shown  that  Vitamin  D2  and  D3  are  trans- 
formed to  their  pyro-  and  isopyro-calciferol  isomers, 
respectively,  in  gas  chromatography.   This  provides  a 
useful  differentiation  for  assay  of  mixtures  of  the 
two  vitamins. 

III.  Data  Processing  and  Instrumentation. 

A  logging  system  constructed  to  our  specifications  by 
Airborne  Instrument  Laboratory  was  delivered  and  placed 
in  operation  early  this  year.   A  study  was  conducted 
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Major  Findings:   (cont'd) 

III.   to  determine  the  feasibility  of  recording  on  magnetic 
tape  in  digital  form  all  the  spectroscopic  information 
usually  obtained  in  the  pen-drawn  record  of  spectral 
absorption  or  density.   Not  only  was  this  shown  to  be 
possible,  but  digital  averaging  of  sharply  selected 
frequency  groups  proved  superior  to  electronic  filtra- 
tion for  noise  reduction.   Accessory  instrumentation 
has  been  developed  making  digital  recording  possible 
from  four  of  our  spectrographic  recorders.  Digital 
recording  on  magnetic  tape  offers  from  one  to  two 
orders  of  magnitude  increased  speed  of  recording 
beyond  present  pen-servo  methods,  provided  detectors 
are  correspondingly  rapid.   These  are  preliminary  steps 
to  the  exploitation  of  our  large  central  computer. 

Significance  of  the  program  to  the  Institute:   At  least  to  a 
limited  extent,  research  is  now  in  progress  in  each  of  those 
basic  fields  wherein  radiation  plays  an  important  or  crucial 
role  for  life  processes.   The  practical  value  of  such  basic 
research  often  arises  in  the  least  expected  ways.  As  this 
country  becomes  more  and  more  aware  of  the  importance  of 
radiation,  a  better  knowledge  of  the  basic  mechanisms  will  be 
demanded . 

Proposed  Course  of  Project:   In  several  fields  of  our  research, 
instrumental  development  and  foundation  study  represent  years 
of  preparation.   Thus,  our  lines  of  endeavor  will  continue 
for  the  most  part  in  the  same  or  closely  related  areas  and  we 
believe  gain  in  strength  and  productivity.   Particularly  high 
speed  computation  may  be  expected  to  play  a  role  of  increasing 
importance. 


Part  B  included  Yes 


3kh 


Serial  No.  NIAMD-LPB-8 

Part  B.   Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  from  this  project: 

Brackett,  F.  S.  and  Charney,  E.:  An  apparatus  for  measuring 
spectral  dependence  of  light  scattering  from  large  particles. 
J.  Optical  Soc.  Am.  50:  811-812,  1960. 

Charney,  E.  and  Brackett,  F.  S.:   The  spectral  dependence  of 
scattering  from  a  spherical  alga  and  its  implications  for  the 
state  of  organization  of  the  light  accepting  pigments. 
J.  Archiv.  Biochem.  &  Biophys.    (in  press) 

Brackett,  F.  S.:   Digital  recording  for  spectrum  analysis. 
J.  Optical  Soc.  Am.    (in  press) 
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1.  Physical  Biology 

2.  Photobiology 

3.  Bethesda 


Part  A. 


Project  Title:   1. 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


A  study  of  the  mechanisms  of  the  conversion 

of  ergosterol  and  other  precursors  to  Vitamin  D. 

A  study  of  the  ionic  composition,  and  the 
electrophysiological  effects  of  its  alteration, 
of  the  squid  retina,  (see  report  by  W.  A.  Hagins) 


Principal  Investigator:   Ralph  G.  Adams 
Other  Investigators:      None 


Co-operating  Units: 


None 


Man  Tears  (Calendar  Year  1960) 
Total:        2/3 
Professional:  2/3 
Other:         0 

Project  Description: 

Objectives:   To  elucidate  the  molecular  changes  accompanying  the 
conversion  of  ergosterol,  or  any  of  the  so-called  intermediates, 
to  Vitamin  D  by  use  of  ultraviolet  radiation  and  determine  the 
effect  of  time  and  temperature  on  these  changes. 

Methods  Employed:   Flash  photolysis  employing  very  short  intense 
ultraviolet  radiation  of  an  intensity  and  duration  such  that 
all  molecules  will  be  excited  but  dark  reactions  will  not  be 
affected  by  continued  radiation.   Irradiation  at  liquid  nitro- 
gen temperatures  concurrently  with  spectrophotometric  monitoring. 
Combinations  of  the  two  processes  will  also  be  tried. 

Major  Findings:   Because  of  manufacturers'  delays,  the  equipment 
for  flash  photolysis  is  only  just  ready  to  be  assembled,  thus 
findings  in  this  area  remain  as  listed  in  1959.   The  low  temper- 
ature spectra  are  also  incomplete  but  indicate  that  there  is  a 
very  marked  temperature  effect  on  the  molecular  configuration. 


3kG 


Serial  No.  NIAMD-LPB-9 


Major  Findings:   (cont'd) 

This  is  further  substantiated  by  high  temperature  (50°C) 
studies  which  show,  in  degassed  samples,  a  new  absorption 
peak  not  previously  seen  and  as  yet  unidentified. 

Significance  of  research  to  the  Institute:   It  is  still  true 

that  there  is  no  clear  understanding  of  the  process  by  which 
ergosterol  and  other  precursors  of  Vitamin  D  are  converted 
to  the  vitamin. 

Proposed  Course  of  Project:   As  soon  as  space  is  available, 

the  apparatus  for  short  (10  /u  sec)  flashes  will  be  assembled 
with  provision  for  multiple  flashes  and  temperature  control. 
By  judicious  use  of  filters  and  temperature  control,  an 
intermediate  or  excited  state  may  be  demonstrated. 

Special  quartz  cells  have  been  constructed  to  do  a 
concentration  study  with  the  number  of  molecules  in  the 
light  path  kept  constant-- this  will  aid  in  examining  the 
new  absorption  peak  produced  by  heating. 

Low  temperature  (glass)  studies  are  to  be  continued  with 
ergosterol  and  its  isomers  in  an  attempt  to  determine  molecu- 
lar shifts  with  irradiation. 
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1.  Physical  Biology 

2.  Photobiology 

3.  Bethesda 

PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 
Part  A. 

Project  Title:   Molecular  structure  determined  by 
spectroscopic  methods. 

Principal  Investigator:   Edwin  D.  Becker 

Other  Investigators:      Robert  B.  Bradley 

Co-operating  Units:    (1)   Dr.  C.  J.  Watson,  University  of  Minnesota 

(NMR  studies  of  porphyrins) ; 

(2)  Dr.  J.  R.  Gillette,  NHI  (EPR  studies  of 
chlorpromazine  oxidation); 

(3)  Various  investigators  in  NIAMD 
(general  NMR  studies) . 

Man  Years  (Calendar  Year  1960): 
Total :         2 
Professional:   2 
Other: 

Project  Description: 

Objectives:    (1)   Development  of  an  understanding  of  the  forces 
within  and  between  molecules,  especially  those  of  potential 
biological  importance.    (2)   Development  of  spectroscopic 
methods  for  studying  molecular  structure  and  analyzing  for 
materials  of  chemical  and  biological  interest. 

Methods  Employed:    The  primary  techniques  used  in  this  work 
are  infrared  spectroscopy  (IR),  nuclear  magnetic  resonance 
(NMR),  and  electron  paramagnetic  resonance  (EPR).   The  IR 
and  NMR  methods  supplement  each  other  in  providing  detailed 
information  about  the  structure  of  molecules.   In  addition, 
both  types  of  spectra  are  highly  sensitive  to  the  effects  of 
molecular  interactions.   EPR  is  used  in  studies  of  molecules 
having  unpaired  electrons,  including  free  radicals  and  para- 
magnetic atoms  and  ions. 
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Major  Findings:   The  project  can  be  divided  roughly  into 
four  parts:   (a)  studies  of  hydrogen  bonding  and  other 
molecular  interactions,  utilizing  both  IR  and  NMR;  (b) 
NMR  studies  of  molecular  structure  in  porphyrins;  (c) 
an  .  EPR  study  of  the  kinetics  and  mechanism  of  chlor- 
promazine  oxidation  in   vitro;  and  (d)  more  general 
investigations  of  molecular  structure  by  NMR,  partially 
serving  as  an  analytical  tool  for  structural  organic 
chemistry- 

(a)  We  have  recently  completed  the  analysis  of  a  large 
number  of  IR  data  on  the  hydrogen  bonding  properties  of 
18  alcohol-base  systems.   The  thermodynamic  quantities 
determined  in  this  work  provide  a  substantial  addition 
to  the  number  of  accurately  determined  hydrogen  bond 
energies  now  in  the  literature.   Correlations  between 
spectral  and  thermodynamic  quantities  have  both  given 
quantitative  support  to  some  concepts  previously  presented 
in  the  literature  only  qualitatively  and  also  thrown  doubt 
into  other  long-held  generalizations  regarding  hydrogen 
bonding. 

(b)  We  have  made  additional  studies  of  the  NMR  spectra 
of  porphyrins.   The  unusual  spectral  data  reported  last 
year  have  been  analyzed  to  provide  information  on  the 
positions  of  functional  groups  and  on  the  rate  of  tautomer- 
ism  of  the  NH  protons  in  certain  metal-free  porphyrins. 

A  description  of  this  work  is  being  prepared  for  publica- 
tion. 

(c)  We  have  found  a  long-lived,  highly  colored  free 
radical  intermediate  in  the  ^  vitro  oxidation  of  chlor- 
promazine.   By  utilizing  EPR  and  visible  spectrophoto- 
metric  techniques,  we  have  found  that  the  radical  decays 
by  an  apparent  second-order  reaction,  probably  forming  a 
colored,  quinhydrone-type  complex.   A  further  analysis 

of  the  reaction  mechanism  has  been  delayed  by  difficulties 
in  determining  accurately  the  concentration  of  the  free 
radical  species. 

(d)  We  have  obtained  and,  in  some  instances,  helped  to 
interpret  the  NMR  spectra  of  over  100  samples  supplied  by 
investigators  outside  the  section.   In  a  number  of  cases 
the  NMR  data  have  been  helpful  -  even  instrumental  -  in 
solving  challenging  structural  problems.   The  types  of 
compounds  studied  ranged  from  steroids,  alkaloids  and 
triterpenes  to  alcohols  and  amino  acids.   Further  details 
are  undoubtedly  presented  in  individual  reports  from  other 
co-operating  laboratories. 
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Significance  to  NIAMD  research:   The  application  of  NMR 
methods  to  molecular  structure  has  already  been  of 
considerable  assistance  to  several  NIAMD  scientists  in 
the  determination  of  the  structure  of  organic  molecules. 
Development  of  EPR  techniques  may  permit  the  detection 
and  study  of  free  radical  or  paramagnetic  intermediates 
in  reactions  of  biological  significance. 

A  deeper  understanding  of  the  properties  of  hydrogen 
bonds  may  permit  advances  in  assessing  the  important  role 
these  bonds  play  in  determining  the  structure  and  function 
of  proteins  and  nucleic  acids. 

Proposed  course  of  project:    (a)  Drawing  on  the  background 
of  thermodynamic  data  now  established  for  certain  hydrogen 
bonding  systems,  we  expect  to  extend  these  studies  to 
other  compounds,  possibly  including  complex  aqueous  systems. 
Plans  call  for  the  use  of  both  IR  and  NMR  techniques, 
(b)   Provided  that  suitable  sources  of  supply  can  be 
developed,  we  intend  to  pursue  the  NMR  investigation  of 
certain  porphyrins.   As  a  result  of  recent  instrumental 
advances  in  our  laboratory,  it  should  be  possible  to 
reduce  the  sample  size  requirement  to  about  1  mg,  thereby 
considerably  easing  the  supply  problem.    (c)  With  the 
addition  of  apparatus  (now  on  order)  which  will  increase 
the  sensitivity  of  our  EPR  equipment  by  a  factor  of  more 
than  20,  we  hope  to  be  able  to  complete  the  study  of  chlor- 
promazine  oxidation.   These  accessories  should  also  permit 
us  to  undertake  more  difficult  investigations  of  free 
radicals  in  enzymatic  reactions.    (d)  Within  limitations 
imposed  by  time  and  personnel,  we  expect  to  continue  our 
co-operation  in  NMR  studies  with  other  NIH  investigators. 
A  projection  of  the  experience  of  the  last  two  years, 
both  in  our  laboratories  and  in  many  academic  and  industrial 
laboratories,  indicates  that  this  technique  will  see  rapidly 
increased  use  in  solving  structural  problems. 
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Part  B:    Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 


Becker,  Edwin  D.,    Infrared  studies  of  hydrogen  bonding  in  alcohol -base 
systems.   Spectrochimica  Acta    (in  press) 
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PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A. 


Project  Title:   Molecular  structure,  organization,  and  inter- 
molecular  forces. 

Principal  Investigator:    Elliot  Charney 

Other  Investigators:   David  Cargo   (summer  employee) 

Co-operating  Units;    University  of  Minnesota 

National  Institute  of  Mental  Health. 
National  Heart  Institute 
University  of  Maryland 

Man  Years:  (Calendar  year  1960) 
Total :        1 
Professional:  1 
Other:        0 

Project  Description:  . 

Objectives:    The  general  objectives  of  this  research  are  to 
determine  the  role  intermolecular  forces  play  in  molecular 
organization  in  chemical,  physical,  and  biological  phenomena 
by  exploring  the  electrical  (dipole  moment  and  dielectric 
polarization)  and  optical  (spectroscopic  absorption,  optical 
rotatory  dispersion,  dichroism)  properties  of  molecules. 

Methods  Employed:    The  methods  used  are  well-knovm,  although 
some  refinements  aid  unique  adaptations  have  been  made.   In 
particular,  of  the  techniques  not  described  in  last  year's 
report,  one  is  somewhat  unusual,  namely,  the  method  of  making 
spectroscopic  measurements  at  77°K  in  an  aqueous  medium.   A 
glycerol-water  salt  solution  has  been  developed,  which,  with 
care  can  be  brought  to  this  temperature  in  a  glassy  state. 
Prior  to  this  time  absorption  at  77°K  has  been  measured  only 
in  nonaqueous  media. 
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Major  Findings: 

(1)  The  research  on  the  apparent  dipole  moment  of  p-quinone 
reported  by  various  workers  to  be  0.7  debye  has  been 
completed  with  the  result  that  it  has  been  unambiguously 
demonstrated  by  measurement  of  the  electrooptic  Kerr 
effect  that  its  dipole  moment  is  zero  (less  than  0.15 
debye)  as  might  be  expected  from  symmetry  considerations. 
The  significance  of  this  result  lies  in  the  weight  it 
gives  to  the  explanation  of  the  apparent  moment  of  this 
and  similar  molecules  in  terms  of  atomic  polarization 
arising  from  the  atomic  vibrations  which  give  rise  to 
long-wavelength  infrared  absorption.   In  related 
research  with  E.  D.  Becker,  some  progress  has  been  made 
in  the  analysis  of  the  infrared  spectra  of  p-quinone  as 
well  as  perdeutero  p-quinone  and  the  dideutero  substi- 
tuted p-quinones. 

(2)  The  investigation  of  the  formation  of  porphyrin-protein 
complexes  has  been  continued  with  an  examination  of  the 
binding  of  protoporphyrin  and  chlorine  e^^^  to  Bovine 
serum  albumin.   An  attempt  is  being  made  to  prepare 
the  copper  complexes  of  the  porphyrins  and  examine  their 
binding  behavior  in  view  of  the  strange  stoichiometry  of 
the  previously  found  complex  of  another  copper  porphyrin 
to  BSA.   Recent  results  on  the  stoichiometry  of  the 
binding  of  divalent  copper  ion  to  BSA  by  Kolthoff  and 
his  co-workers  tend  to  confirm  our  earlier  expectations 
that  the  copper  in  the  copper  porphyrin  complex  is 
responsible  for  the  peculiar  stoichiometry  (approx.  1:1 
compared  to  perhaps  15  to  20:1  of  the  metal  free 
porphyrins  to  BSA) . 

(3)  Optical  Rotatory  Dispersion:   (a)  The  optical  rotatory 
dispersion  of  compounds  of  the  codeine  series  and  quinine 
series.   This  is  being  done  with  U.  Weiss  and  H.  Ziffer 
and  will  be  described  more  fully  in  the  former's  report, 
(b)  The  optical  rotatory  dispersion  of  steroids  having 

a  dienic  chromophore  (e.g.,  the  cholesterol  series):  This 
is  collaborative  with  U.  Weiss,  H.  Ziffer  and  A.Moscowitz 
of  the  University  of  Minnesota.   An  interesting  theo- 
retical question  regarding  the  contribution  of  a  bent 
butadiene  structure  to  the  optical  activity  is  under 
investigation.    (c)  The  optical  rotatory  dispersion 
of  conjugated  dicarbonyls:   This  is  being  done  with  Lin 
Tsai  of  the  National  Heart  Institute.  The  research 
concerns  the  relation  between  the  nature  of  the  ultra- 
violet transitions  and  the  rotatory  dispersion. 
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Major  Findings:   (cont'd) 

(4)  Preliminary  results  of  the  examination  of  the  low  temper- 
ature (-1960C)  spectrum  of  DNA  in  glycerol-water  salt 
solution  and  of  cytodine,  guanisine,  adenosine  and  uridine 
solutions  in  the  same  solvent  indicate  that  a  marked  narrow- 
ing of  the  260  mu  band  of  DNA  occurs  as  the  temperature  is 
lowered  and  that  this  is  also  true  of  cytodine,  but  not  of 
guanisine  or  adenosine;  uridine  shows  marked  fine  structure 
at  -1960C.   This  research  is  being  done  jointly  with  Martin 
Gellert  of  the  National  Institute  of  Mental  Health. 

(5)  The  effect  of  solvents  on  absorption  intensities  in  the 
ultraviolet  and  infrared  is  being  studied  theoretically 
and  experimentally.   A  marked  correlation  has  been 
observed  between  absorption  intensities  and  the  Van  der 
Waal's  constant  "a"  (the  attractive  constant  in  the  Van 
der  Waal's  equation  of  state  for  gases)  of  the  solvents 
for  many  solute  absorption  bands.   A  relation  between 
the  ratio  of  the  permanent  dipole  moment  of  the  solute 
to  its  polarizability  and  the  solvent  interactions  has 
been  shown  to  exist  and  is  being  studied  further.  A 
preliminary  report  of  this  work  was  presented  at  the 
Gordon  Research  Conference  on  Infrared  Spectroscopy  in 
August. 

Significance  of  the  Program  to  the  Institute:   Using  the  probe 
of  electromagnetic  radiation  to  determine  some  of  the  funda- 
mental properties  of,  and  forces  between  molecules,  we  hope 
to  make  further  advances  in  understanding  these  phenomena. 

Proposed  Course  of  the  Project:   Each  of  the  projects  outlined 
above  will  be  continued  except  for  the  question  of  the  apparent 
dipole  moment  of  p-Quinone  which  is  now  completed.   The  spectral 
study  of  p-Quinone  and  the  deuterated  species  will  continue  with 
an  examination  of  the  infrared  spectra  of  the  vapor  of  the 
dideuterated  species  here,  the  far  infrared  spectrum  at  the 
Perkin-Elmer  Corporation  in  Norwalk,  Connecticut,  and  the 
Raman  spectra  by  Prof.  Ellis  R.  Lippincott  at  the  University 
of  Maryland. 

The  equipment  is  now  being  designed  and  built  for  the 
measurement  of  electric  field  induced  dichroism  and  electro- 
optic  birefringence  of  proteins  and  polypeptides  in  solution 
for  the  purpose  of  determining  changes  in  their  internal 
structure  as  a  result  of  environmental  changes. 
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Part  B.   Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  from  this  project: 


Brackett,  Frederick  S.  and  Charney,  Elliot:  An  apparatus 
for  measuring  spectral  dependence  of  light  scattering  from 
large  particles.    J.  Opt.  Soc.  Am.  50;  811,  1960. 

Chamey,  Elliot,  and  Brackett,  Frederick  S.:   The  spectral 
dependence  of  scattering  from  a  spherical  alga  and  its 
implications  for  the  state  of  organization  of  the  light 
accepting  pigments.   Archiv.  Biochem.  &Biophys.   (in  press) 

Chamey,  Elliot:    The  dipole  moment  of  p-Benzoquinone: 
Electrooptic  birefringence.    J.  Am.  Chem.  Soc.   (in  press) 
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PHS-NIH 
Individual  Project  Report 
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Part  A. 


Project  Title:   Studies  on  cellular  reproduction  and 
differentiation. 

Principal  Investigator:   Charles  L.  Greenblatt 

Other  Investigators:      None 

Co-operating  Units:    Dr.  Royce  Lockart  (NCI)  (At  present  - 
University  of  Texas). 

Mr.  Nathan  Mantel  (NCI)  who  has  helped 
with  problems  of  statistical  analysis. 
I  am  grateful  to  Dr.  Mortimer  Elkind 
for  his  generous  co-operation  and  the 
use  of  his  laboratory  facilities  which 
made  this  study  possible. 

Man  Years  (Calendar  Year  1960): 
Total:         1 
Professional:   1 
Other :        0 

Project  Description: 

Objectives:   The  study  of  morphogenesis  in  terms  of  its 
molecular  basis. 

Methods  Employed:   We  have  utilized  cell  culture  techniques 
with  suitable  forms  which  provide:   (a)  a  quantitative 
morphology,  (b)  biochemical  characteristics,  (c)  a  signifi- 
cant trigger  for  morphogenesis,  and  (d)  a  genetic  background. 
Puck's  techniques  have  been  applied  to  Chinese  Hamster  cells 
for  studies  of  chromosome  damage  and  clonal  survival,  as  well 
as  Euglena  gracilis  in  studies  of  chloroplast  formation. 

Major  Findings:   Advances  in  mammalian  cell  culture  and 
cytological  techniques  for  chromosome  delineation  make 
it  feasible  to  study  the  relationship  of  chromosomal 
damage  and  X- irradiation  death  (Bender,  Tjio,  and  Puck). 
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Major  Findings:  (cont'd) 

The  studies  undertaken  here  have  made  use  of  cell  cultures 
of  Chinese  Hamster  which  offer  the  advantages  of  low  chromo- 
some number,  distinctive  chromosome  morphology,  and  ease  of 
determining  survival  values  by  cloning.   The  technique  of 
metaphase  chromosome  analysis  requires  that  cells  come  into 
mitoses  to  be  observed.   It  is,  therefore,  impossible  to 
study  metaphases  without  also  considering  the  rate  of  division 
of  irradiated  cells,  since  mitotic  delay  is  a  prominent  feature 
of  radiation  damage.   Metaphase  analyses  have  beein  combined 
with  studies  of  growth  rate,  mitotic  indices,  and  anaphase 
abnormalities.   Chromosome  aberrations  examined  at  varying 
times  post- irradiation  reveal  that  there  is  an  initial  high 
level  of  aberrations  which  fall  off  with  subsequent  cell 
divisions.   In  general,  the  summation  of  early  chromosome 
damage  appearing  throughout  the  first  generation  post- 
irradiation  would  be  sufficient  to  produce  a  damaged  chromo- 
some in  each  dying  cell,  and  two  in  the  majority  of  dying  cells. 

It  has  been  postulated  that  damage  to  two  chromosomes  may 
act  as  a  factor  in  cellular  radiation  lethality,  chiefly 
through  the  formation  of  intercellular  bridges.  This  seems 
unlikely  for  several  reasons,  but  the  problem  of  how  two 
damaged  chromosomes  could  act  to  kill  a  cell  has  suggested 
a  model  of  chromosome  duplication  to  us  which  fits  many  of 
the  known  features  of  cell  death.   The  model  predicts  certain 
characteristics  of  the  growth  and  survival  of  irradiated  cells 
which  are  now  under  investigation. 

Significance  of  Research  to  the  Institute:   Cell  cultures  offer 
the  advantage  of  studying  the  offspring  of  a  single  cell.   In 
this  way  one  can  examine  cellular  response  to  such  stresses  as 
radiation,  drugs,  and  infective  agents.   The  single  cell  can 
be  treated  in  its  isolated  state  in  a  controlled  environment 
or  can  be  studied  when  placed  in  conditions  where  intercellular 
reactions  are  possible.   In  these  ways  a  better  definition  of 
the  capabilities  in  growth  and  differentiation  of  biochemical 
function  of  single  cells  and  cell  groups  should  be  possible. 

Proposed  Course  of  Project:   The  model  to  which  we  referred  has 
several  features  which  are  directly  testable: 

(1)  Sequential  chromosome  replication,  perhaps  due  to  a 
physical  array  of  nuclear  material  in  interphase. 
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Proposed  Course  of  Project: 

(2)  A  requirement  for  two  chromosome  aberrations  in  a 
major  portion  of  cells  which  fail  to  reproduce,  and 

(3)  'The  action  of  chromosomes  as  a  group  in  cell  survival, 

Our  first  studies  of  the  next  year  are  directly  related  to 
the  last  point.   With  Dr.  Royce  Lockart,  we  have  been 
studying  the  radiobiological  and  growth  characteristics  of 
a  cell  strain  of  Chinese  Hamster  which  has  supernumerary 
chromosomes.   These  studies  will  be  continued.   Then  we 
hope  to  collect  evidence  regarding  the  first  two  points. 
Other  studies  are  also  underway  in  cellular  organelle 
reproduction,  using  the  chloroplast  of  Euglena  gracilis 
as  an  experimental  subject. 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  B.  Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  £rom  this  project: 


Greenblatt,  C.L.,  Olson,  R.  A.,  and  Engel,  E.  K.:   Absorption 
microscopy  of  enzymatically  treated  cell-free  chloroplasts. 
J.  Biophysic.  Biochem.  Cytol.  7:  235-238,  1960. 


359 


Serial  No.  NIAMD-LPB-13 

1.  Physical  Biology 

2.  Photobiology 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A: 


Project  Title:   The  physical  and  chemical  basis  of  photoreception. 

Principal  Investigator:   W.  A.  Hagins 

Other  Investigators:      Ralph  G.  Adams 

Co-operating  Units:    1.   Naval  Medical  Research  Institute, 

Bethesda,  Maryland 
2.   Marine  Biological  Laboratory, 
Woods  Hole,  Massachusetts 

Man  Years:    (Calendar  Year  1960) 
Total:        1-1/3 
Professional:  1-1/3 
Other:        0 

Project  Description: 

Objectives:    To  outline  the  successive  events  by  which  light 
quanta  absorbed  in  the  receptors  of  animals  lead  to  the 
transmission  of  information  to  the  brain. 

Methods  Employed: 

(1)  Measurement  of  currents,  voltages,  and  impedances  of 
the  retina  by  conventional  electronic  methods. 

(2)  Measurement  of  changes  in  the  ionic  composition  of 
photoreceptors  by  microchemical  analysis  and  isotopic 
tracer  techniques. 

(3)  Measurement  by  microcalorimetry  of  heat  production 

by  isolated  retinal  rods  and  cones  during  illumination. 
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Major  Findings: 

(1)  Chemical  analysis  of  squid  retinas  has  revealed  that 
the  retinal  photoreceptors  selectively  concentrate 
potassium  ions  in  their  cytoplasm  and  exclude  chloride 
and  sodium  ions.   It  is  therefore  likely  that  these 
cells,  like  nerve  cells  have  considerable  membrane 
potentials  and  possess  a  mechanism  for  the  generation 
of  action  currents. 

(2)  When  light  is  incident  on  the  living  squid  retina,  an 
action  current  whose  size  is  directly  proportional  to 
light  intensity  is  produced  by  the  photoreceptor.   In 
a  good  retina,  as  many  as  100,000  electronic  charges 
may  flow  for  each  incident  photon. 

(3)  Illumination  of  the  squid  retina  causes  its  electrical 
impedance  to  fall  by  a  small  amount  dependent  upon  light 
intensity.   This  impedance  change  can  be  almost  completely 
suppressed  by  procaine  without  greatly  affecting  the 
externally  observed  action  current. 

(4)  Sodium  and  potassium  fluxes  through  the  cell  membranes 
of  squid  photoreceptors  have  been  estimated.   Potassium 
outflux  has  been  found  to  increase  markedly  in  light 
while  that  of  sodium  is  almost  unaffected. 

(5)  A  physiochemical  model  of  ionic  processes  in  squid 
receptors  has  been  proposed  which  accounts  for  most 
of  the  above  findings  in  terms  of  known  properties  of 
electrically  excitable  cells. 

(6)  Direct  measurement  of  the  heat  produced  by  light  when 

it  acts  on  the  retinal  photopigments  of  frogs  has  revealed 
that  absorbed  photons  of  visible  light  are  almost  quanti- 
tatively converted  to  heat  in  isolated  rods.  The  secondary 
excitatory  reactions  induced  by  light  in  these  cells  seem, 
therefore,  to  be  thermochemically  insignificant  at  the 
level  of  sensitivity  so  far  achieved  with  present  apparatus, 

Significance  of  the  program  to  the  Institute:   A  clear  understand- 
ing of  the  physiological  mechanism  of  light  sensitivity  in  the 
retina  may  help  to  explain  some  aspects  of  the  related  problem 
of  energy  absorption  and  transfer  in  photosynthesis  and  cellular 
metabolism  in  general. 
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Proposed  Course  of  Project:   Three  main  questions  have  been 
raised  by  the  previous  results  and  are  to  be  attacked 
immediately: 

(1)  What  ions  carry  electric  current  through  the  membranes 

of  photoreceptors?    Refinement  of  present  isotope  tracer 
methods  are  expected  to  answer  this  question,  in  part, 
at  least. 

(2)  Are  the  photochemical  changes  shown  by  retinal  photo- 
pigments  essential  links  in  the  chain  of  events  connect- 
ing light  absorption  with  the  production  of  nerve  impulses? 
Present  methods  of  studying  the  living  squid  retina  should 
permit  simultaneous  observation  of  molecular  changes  in 
the  photopigments  and  electrical  activity  in  the  receptors. 
By  comparing  quantum  efficiences  of  current  production 
with  those  of  pigment  photolysis,  this  point  may  be 
investigated. 

(3)  How  do  the  observed  photocurrents  of  squid  receptors 
generate  nerve  impulses  in  the  optic  nerve?   It  is  hoped 
that  microelectrode  techniques  applied  to  single  receptors 
will  answer  this  question. 
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Project  Title:   The  action  of  radiant  energy  on  structure  and 
chemosynthesis  in  living  cells. 

Principal  Investigator:   Rodney  A.  Olson 

Other  Investigators:      Estella  K.  Engel   (1/1/60-10/2/60) 

Co-operating  Units:  Dr.  Warren  L.  Butler,  U.  S.  Department  of 
Agriculture,  Beltsville,  Maryland 

Man  Years:   (Calendar  Year  1960) 

Total:        1-3/4 
Professional:  1 
Other:  3/4 

Project  Description: 

Objectives:   To  interpret  the  mechanisms  of  energy  transfer 
and  allied  metabolic  steps  at  cytological  sites  of  photo- 
chemical action.   To  determine  the  role,  in  this  respect, 
of  chromophore  orientation  in  laminar  photoreceptors  such 
as  the  chloroplast  (a  classical  example  of  a  heterogeneous 
system  in  which  energy  conversion  and  transfer  occur). 

Methods  Employed:   Spectral  changes  in  the  fluorescence  of 
chlorophyll  and  allied  compounds  at  photochemical  sites 
were  evaluated  with  the  rapid  scanning  microspectrofluorimeter 
described  in  the  previous  report.   Numerous  improvements  have 
increased  sensitivity  and  permit  enhanced  spectral  resolution 
or  the  use  of  exciting  light  of  lower  intensity. 

Evaluation  of  the  pC02  -  PO2  electrode  probe  described  in  the 
previous  report  has  been  completed  in  principle  and  performance 
evaluation  awaits  the  completion  of  fabrication  in  cast  epoxy 
resin  wherein  the  required  spacings  of  annular  electrodes  and 
compensating  thennistors  embedded  in  the  walls  of  long  micro- 
capillaries  can  be  easily  provided  and  duplicated. 
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Major  Findings:   Continued  study  of  the  process  involving 
the  formation  of  a  yellow  fluorescent  component  (max. 
emission  -  540  mp)  in  chloroplast  lamina  during  the  photo- 
oxidative  bleaching  of  chlorophyll  in  vivo,  has  led  to 
several  new  findings  as  follows: 

(1)  NON- ENZYMATIC  NATURE  OF  THE  PROCESS 

The  process  is  not  delayed  by  narcotics  or  inhibitors. 
Moreover,  it  occurs  in  the  intact  chloroplasts  of  "quick- 
boiled"  cells  and  in  those  partially  extracted  ^5  situ  by 
organic  solvents. 

(2)  IN  VITRO  REQUIREMENTS  OF  INTERFACES  OR  ADSORPTION  SITES. 

The  occurrence  of  the  process  in  these  visibly  intact 
chloroplasts  of  killed  cells  implies  the  participation  of  an 
interface  or  adsorption  site  such  as  that  provided  by  denatured 
protein  lamina.   Accordingly,  no  detectable  yellow  fluorescence 
occurs  during  the  photo  oxidative  bleaching  of  purified  crystal- 
line chlorophyll  dissolved  in  pyridine  or  other  solvents. 
Identical  solutions  adsorbed  on  silica  gel,  however,  show  under 
identical  conditions  the  occurrence  of  a  bright  yellow  fluores- 
cence. 

-   (3)   LIABILITY  OF"  THE  PRODUCTS  FORMED. 

Time  course  studies  of  the  process  both  in   vivo  and 
in  vitro  indicate  the  formation  of  a  parallel  sequence  of 
photo- oxidative  degradation  products  of  chlorophyll,  some 
of  which  show  fluorescence  at  different  spectral  regions. 
The  yellow  fluorescence  (540  mp)  is  preceded  by  a  transient 
peak  near  615  mp  and  is  followed  by  maximum  shift  toward  the 
520  mu  region.   It  appears  that  at  the  high  intensities  used 
in  this  study  to  execute  photo-oxidation,  some  of  these  products 
accummulate  due  to  the  limiting  effects  of  sequential  dark 
reactions. 

(4)   REVERSIBILITY  OF  THE  PROCESS. 


In  favorable  specimens,  most  of  these  effects  are 
reversible  in  the  dark.   Complete  reversibility  of  each 
depends  on  the  degree  to  which  the  subsequent  step  is 
permitted  to  occur. 

(5)   EFFECTS  IN  ALLIED  PRODUCTS. 

Similar  effects  were  observed  with  the  activated  components 
of  protochlorophyll  and  with  numerous  porphyrin^. 
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Significance  of  research  to  the  Institute:   Since  the  laminar 
fine  structure  appears  to  be  common  to  other  photoreceptor 
systems,  the  study  of  its  role  in  photochemical  processes 
leads  to  better  interpretation  of  energy  transfer  in  all 
living  cells,  whether  light  or  chemically  activated.   In 
the  current  phase  of  the  problem,  emphasis  falls  on  the 
photochemical  role  of  pigment  adsorbed  at  interfaces. 

Proposed  Course  of  Project:   Further  studies,  by  transient 

emission  spectra,  of  the  kinetics  of  photooxidation  processes 
of  chlorophyll  J^  vivo  or  in  adsorbates  ^il  vitro.  Further 
attempts  to  identify  the  components  involved  by  excitation 
spectra,  low  temperature  emission,  polarized  emission,  etc. 
Evaluation  of  effects  in  terms  of  oxidation-reduction  and 
the  role  of  monomer  versus  dimer  formation. 

Application  of  improved  pC02  -  PO2  electrode  probe  to  kinetic 
analysis  of  light  induced  transients  of  gas  exchange  and  to 
quantum  efficiency  in  cell  suspensions. 


Part  B  included  Yes 
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Part  B.   Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  from  this  project: 


Greenblatt,  C.  L.,  Olson,  R.  A.,  and  Engel,  E.  K.:  Absorption 
microscopy  of  enzymatically  treated  cell-free  chloroplasts. 
J.  Biophysic.  and  Biochem.  Cytol.,  7:  235-238,  1960. 

Olson,  Rodney  A.:   Rapid  scanning  microspectrofluorimeter. 
Rev.  Sci.  Instr.  31:  844-849,  1960. 

Olson,  Rodney  A.:   Transient  fluorescence  changes  in  chloro- 
plasts during  the  photochemical  bleaching  of  chlorophyll  in 
vivo.   Proc,  of  the  3rd  Int'l.  Congress  on  Photobiology, 
Copenhagen,  Denmark,  July  31  -  August  5,  1960.   (in  press) 
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1.  Physical  Biology 
-   2,  Photobiology 
PHS-NIH         3.  Bethesda 
Individual  Project  Report 
Calendar  Year  1960 


Part  A. 


Project  Title:   Investigations  of  the  action  of  radiant  energy 
on  biologically  important  compounds. 

Principal  Investigator:   Norman  E.  Sharpless 

Other  Investigators:  Odette  S.  Temmer  (until  resignation  2/5/60) 

Co-operating  Units:   None 

Man  Years:   (Calendar  Year  1960) 
Total :       2 
Professional:  1-1/3 
Other:         2/3 

Project  Description: 

Objectives:   The  objectives  of  this  project  are  the  establish- 
ment of  various  biologically  important  intermediates  in  photo- 
biology  and  the  study  of  their  kinetics  and  other  physical 
and  chemical  properties. 

Methods  Employed:   Ultraviolet  or  visible  radiation  is  the 
means  employed  to  effect  any  alterations  in  the  material 
under  investigation.   Spectroscopy  in  the  ultraviolet, 
visible,  and  infrared  regions,  as  well  as  chemical  procedures, 
are  the  major  methods  used  to  evaluate  any  changes  which  occur. 

Major  Findings:   (with  Mrs.  Odette  S.  Temmer) 

(1)  The  photochemistry  of  ergosterol  and  related  steroids  to 
form  the  various  Vitamins  D,  is  one  of  the  major  photo- 
chemical reactions  of  biological  importance. 

The  investigation  of  the  quantum  requirements  for  the 
disappearance  of  ergosterol  as  functions  of  wave  length 
of  exciting  light  and  concentration  of  ergosterol  has 
been  completed.   Using  chemical  separations  (digitonin 
precipitation)  and  spectrophotometric  evaluation,  residual 
ergosterol  has  been  evaluated  after  absorption  of  known 
numbers  of  quanta  of  light.   The  values  so  obtained  have 
been  extrapolated  to  low  doses  of  irradiation  to  correct 
for  the  presence  of  absorbing  products. 
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Major  Findings:   (cont'd) 

(1)  In  general  the  values  so  obtained  are  not  particularly 
sensitive  to  initial  ergosterol  concentration,  and  final 
values,  extrapolated  to  infinite  dilution  are 

Wavelength  (quanta  per  molecule) 

A 

2537  3.57 

2650  2.63 

2804  2.64 

2967  2.85 

3021  2.91 

3130  10 

Thus,  within  the  limits  of  experimental  error,  the 
quantum  requirements  of  ergosterol  are  reasonably 
constant  over  most  of  the  ultraviolet  range  investigated, 
except  for  the  value  at  3130  A.   The  accuracy  and 
significance  of  this  will  be  subject  to  further  investi- 
gation. 

(2)  The  contination  of  the  ergosterol  problem  requires  the 
use  of  computor  techniques  to  solve  for  the  eight  known 
components  of  the  irradiation  series.   The  necessary 
coefficients  required  for  these  computations  have  been 
obtained  by  an  exhaustive  search  of  the  literature  and 

a  critical  comparison  of  all  reported  values,  and  values 
obtained  in  this  laboratory  on  specially  purified  compounds. 

(3)  Irradiation  of  lumisterol  to  give  ergosterol  has  confirmed 
the  fact  that  some  aspects  of  the  photochemical  reactions 
are  reversible.   The  data  indicate,  however,  that  the 
forward  reaction  is  greatly  favored. 

(4)  Using  glutathione  as  a  'model'  protein,  spectrophotometry 
showed  no  evidence  of  interaction  between  it  and  ergosterol, 

Significance  to  research  of  the  Institute:   The  proper  understanding 
of  the  behavior  of  biologically  important  molecules  on  a  molecular 
level  is  absolutely  necessary  to  extrapolation  to  a  cellular  level 
for  the  evaluation  of  their  effects  in  health  and  disease. 
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Proposed  Course  of  Project:   The  ergosterol  transformatioa 
series  will  be  investigated  further  with  respect  to  the 
other  products. 

The  physical  chemistry  of  Vitamin  D  steroids-proteins 
will  continue  under  investigation  to  gather  clues  to  the 
action  of  Vitamin  D. 
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1.  Physical  Biology 

2.  Photobiology 

3.  Bethesda 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A: 


Project  Title:   Chemistry  and  Biosynthesis  of  Pigments  and 
other  Natural  Compounds. 

Principal  Investigator:   Ulrlch  Weiss 

Other  Investigators:      Herman  Ziffer 

Co-operating  Units:       None 

Man  Years: (Calendar  Year  1960) 
Total:        2-2/3 
Professional:  2 
Other:         2/3 

Subproject  Title:   1.   Photodynamic  Microbial  Pigments. 

Project  Description: 

Objectives:    Isolation  in  chemically  pure  form,  and  study 
of  chemical  and  physical  properties  of  individual  members 
of  a  group  of  closely  related  red  pigments  produced  by 
fungi  of  the  genus  El since  (Ascoroycetes) ;  investigation 
of  their  photodynamic  action;  study  of  their  biosynthesis. 

Methods  Employed:  For  isolation  of  chemically  pure, 

homogeneous  pigments,  extraction  of  the  fungus  o^celium 
with  organic  solvents  is  used,  followed  by  countercurrent 
distribution.    Elucidation  of  the  chemical  structure  of 
the  individual  compounds  so  obtained  will  be  attempted  by 
the  usual  methods  of  chemical  degradation  and  interpreta- 
tion of  physical,  especially  spectroscopic,  data. 

Major  Findings:   During  1960,  much  pigment  was  accumulated 
from  numerous  batches  of  the  slow-growing  fungus  Elsinoe 
anonae,  and  improvements  in  chromatographic  techniques 
for  Isolation  of  pure  constituents  of  the  pigment  mixture 
were  found. 
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Significance  of  Research  to  the  Institute:   As  the  first 
representatives  of  a  new  group  of  natural  compounds,  the 
pigments  from  Elsinoe  have  general  biochemical  interest, 
as  has  their  photosensitizing  (photodynamic)  action. 
Such  action  has  been  established  so  far  only  for  a  small 
number  of  natural  pigments.   The  various  species  of  Elsinoe 
might  also  offer  good  possibilities  to  investigate  experi- 
mentally the  biosynthetic  pathways  by  which  their  pigments 
are  formed,  and  to  test  plausible  but  hypothetical  schemes 
which  have  been  proposed  for  the  biosynthesis  of  certain 
related  groups  of  natural  pigments. 

Proposed  Course  of  Project:   Plans  for  future  work  involve 
preparation  of  the  pure  individual  compounds,  their 
structural  elucidation,  and  work  on  their  biosynthesis. 


Subproject  Title:   2.   Photochemistry  of  Alkaloids  and 

Phenanthrene  Derivatives. 

Objectives:   Investigation  of  the  transformations  of  organic 
molecules  by  ultraviolet  of  visible  light. 

Methods  Employed:   The  organic  compounds  were  irradiated  in 
solution  using  natural  sunlight  or  laboratory  sources  of 
ultraviolet  radiation.   Isolation  and  characterization 
of  the  resulting  compounds  were  attempted  by  the  usual 
chemical  methods . 

Major  Findings:   The  irradiation  of  thebaine  solutions  under 
anaerobic  conditions  has  yielded  an  apparently  nonbasic 
product,  which  is  obtained  as  a  precipitate  if  cyclohexane 
is  used  as  a  solvent.   Purification  and  structural  elucida- 
tion of  the  very  sensitive  product  are  under  way. 

The  crystalline  irradiation  product  of  9 -bromo- phenanthrene 
has  the  composition  (C,.HgO)  .   The  tentative  formulation 
as  tetrabenzo-diphenylenedioxide  (corresponding  to  n=2  rests 
on  IR  spectroscopy  and  a  color  reaction  considered  specific 
for  diphenylenedioxides .   Attempts  to  prove  it  by  degrada- 
tion or  synthesis  are  being  undertaken. 
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Significance  of  Research  to  the  Institute:   Better  under- 
standing and  more  extensive  knowledge  of  the  transforma- 
tions of  organic  molecules  on  irradiation  is  of  fundamental 
importance  for  an  understanding  of  light-induced  biological 
processes.   Although  photochemical  reactions  have  long 
been  knovm  to  occur,  interest  in  them  was  sporadic,  and 
systematic  investigation  of  the  unusual  structures  often 
formed  by  such  reactions  has  started  only  in  recent  years, 
so  that  knowledge  on  this  area  is  far  from  sufficient. 

Proposed  Course  of  Project:   Elucidation  of  the  chemical 
structures  of  the  phototransformation  products  of  thebaine 
and  9-bromophenanthrene  is  planned.  The  investigation 
will  be  extended  to  other  compounds,  which  are  sensitive 
to  ultraviolet  or  visible  light. 

Subproject  Title:   3.  Optical  Rotatory  Dispersion 

(with  Dr.  E.  Charney) 

Objectives:  The  objective  of  this  research  is  the  study 
of  the  optical  rotatory  dispersion  of  organic  molecules 
having  chromophoric  groups  other  than  carbonyl. 

Methods  Employed:   The  Perkin-Elraer  spectropolarimeter 
attachment  was  used  in  conjunction  with  a  Gary  14 
spectrophotometer;  for  comparison,  some  of  the  compounds 
were  also  investigated  with  the  help  of  the  recording 
Rudolph  spectropolarimeter  of  the  Laboratory  of  Chemistry, 
NX AMD.   Excellent  agreement  was  found. 

Major  Findings :   In  a  number  of  compounds  of  the  codeine 

and  quinine  series,  the  Cotton  effect  seems  to  be  controlled 
by  the  asymmetric  carbon  atom  directly  attached  to  the 
chromophore.   Findings  with  ergosterol  and  its  stereo- 
isomers can  apparently  not  be  interpreted  in  this  simple 
way  and  suggest  the  theoretically  interesting  possibility 
of  contributions  by  the  system  of  conjugated  double  bonds, 
which  might  be  nonplanar  and  hence  asymmetric.  This 
possibility  was  suggested  by  Dr.  A.  Moscowitz  (Univ.  of 
Minnesota)  on  theoretical  grounds.   The  Cotton-effect 
observed  in  shikimic  acid  seems  to  be  the  first  one  caused 
by  an  a,  i-   unsaturated  carboxylic  acid  as  the  chromophore. 
Investigations  of  proteins  (fibrinogen,  serum  albumin, 
ribonuclease)  in  co-operation  with  Dr.  David  Aronson, 
(LBBP,  BS)  showed  Cotton  effects  at  280-310  mp. 
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Significance  o£  Research  to  the  Institute:   The  findings 
show  that  many  compounds  with  chromophores  other  than 
carbonyl  can  be  investigated.    This  includes  many 
substances  of  great  biochemical  or  medicinal  interest. 

Proposed  Course  of  Project:   The  investigation  is  to  be 
continued,  and  extended  to  other  groups  of  compounds. 
Further  study  of  the  theoretically  interesting  ergosterol 
group  is  planned. 


ACTIVITIES  OTHER  THAN  RESEARCH 

The  manuscript  (approximately  100  typed  pages)  of 
a  comprehensive  review  of  the  Biosynthesis  of  Aromatic 
Compounds  is  almost  completed.   It  is  to  constitute  one 
of  12  chapters  of  a  Volume  on  Biogenesis  of  Natural 
Products  (Marshall  Gates,  Editor;  Interscience  Publishers). 

I  was  a  member  of  the  Panel  on  Biophysical  and  Organic 
Chemistry  of  the  Research  Fellowships  Review  Branch,  DRG, 
from  the  beginning  of  1960  to  the  discontinuation  of 
intramural  panels  in  September. 


Part  B  included        Tea 


373 


Serial  No.  NIAMD-LPB-16 


PHS-NIH 
Individual  Project  Report 
Calendar  Tear  1960 


Part  B.   Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  £rom  this  project: 


Sargent,  L.  J.  and  Weiss,  U.:   Nonsymmetrical  Blmolecular 
Reduction:   Structure  of  the  so-called  "Hydroxycodeine". 
J.  Organ.  Chem.  25:  987,  1960. 
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1.  Physical  Biology 

2.  Photobiology 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:   Chemistry  and  Biosynthesis  of  pigments  and 
other  natural  compounds. 

Principal  Investigator:   Herman  Ziffer 

Other  Investigators:      None 

Co-operating  Units:      None 

Man  Years:  (Calendar  year  1960) 

Total:  1/3 
Professional:  1/3 
Other:         0 

Major  projects  are  presented  in  the  report  submitted  by  Dr.  Ulrich 
Weiss. 

Subproject  Title:   (1)  Deuterated  p-Benzoquinones 

(with  E.  Charney  and  E.  D.  Becker) 

Project  Description: 

Objectives:   The  preparation  of  the  completely  deuterated 
p-benzoquinone  and  of  several  isomeric  dideuterated 
p-benzoquinones  for  a  detailed  analysis  of  their  infrared 
absorption  spectra  by  Drs.  Becker  and  Charney. 

Methods  Employed:   Completely  deuterated  p-benzoquinone 
was  prepared  by  acid-catalyzed  deuterium  exchange  of 
hydroquinone  with  a  mixture  of  D2O  and  D2S0^  followed, 
by  oxidation  to  the  quinone. 

Major  Findings:   Completely  deuterated  p-benzoquinone  can 
be  conveniently  prepared  by  this  procedure.   Previous 
methods  in  the  literature  were  cumbersome. 
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Significance  to  the  Program  of  the  Institute:  A  better  under- 
standing of  the  fundamental  frequencies  of  benzoquinone  may 
aid  in  work  on  more  complex  naturally  occurring  quinones. 

Proposed  Course  of  Project:  The  preparation  of  2,5-dideutero 
benzoquinone  is  under  investigation. 

Subproject  Title:    (2)  Gas  chromatography  of  Vitamin  D  (with  E.  C. 

Horning,  W.J. A.  VandenHeuvel  and  E.O.A.  Haahti) 

Project  Description: 

Objectives:   To  make  possible  a  differential  assay  of 
Vitamins  D2  and  D,. 

Methods  Employed:   Ordinary  chemical  procedures  for  the 
preparation  and  separation  of  pyro-  and  isopyro-calciferol 
were  employed.   Gas  chromatography  of  pure  Vitamins  D2,  Do 
and  the  pyro-  and  isopyro-  calciferol  derived  from  Vitamin 
D2  was  investigated  on  the  Barber-Coleman  apparatus. 
Ultraviolet  and  infrared  absorption  spectra  of  the  starting 
materials  and  the  collected  effluent  of  the  gas  chromato- 
graphic column  were  determined. 

Major  Findings:   Vitamin  D2  and  D3  isomerize  on  the  flash 
heater  of  the  apparatus  yielding  a  mixture  of  pyro-  and 
isopyro-  calciferols  all  of  which  have  different  retention 
times  on  a  neopentyl  glycol  succinate  column.   This  finding 
permits  a  differential  analysis  of  mixture  of  the  Vitamins 
D2  and  D3.   Preliminary  results  suggest  that  gas  chroma- 
tography can  be  used  to  follow  the  course  of  the  photochemical 
transformations  of  ergosterol  to  calciferol  (Vitamin  D). 

Significance  of  the  research  to  the  Institute:   A  method  of 
differentiating  between  Vitamin  D2  and  D,  may  aid  in  under- 
standing nutritional  and  biochemical  problems. 

Proposed  Course  of  Project:   The  objectives  of  this  research 
were  fulfilled  and  no  further  work  on  this  project  is  planned. 


Part  B  included         Yes 
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Part  B.   Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  from  this  project:^ 


Ziffer,  H.,  VandenHeuvel,  W.J. A.,  Haahti,  E.O.A.  and 
Horning,  E.  C:   Gas  Chromatographic  Behavior  of  Vitamins 
D?  and  D3.    J.  Am.  Chem.  Soc.  (Communication  to  the  Editor) 
(in  press). 
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1.  Physical  Biology 

2.  Physical  Biochemistry 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A. 


Project  Title:   The  relationship  between  structure  and  function  in 
biology. 

Principal  Investigators:   Dr.  Koloman  Laki  and  Dr.  H.  A.  Saroff 

Other  Investigators; 


Dr. 

W. 

J. 

Bowen 

H. 

L.  Martin 

Dr. 

W. 

R. 

Carroll 

I. 

Knoller 

Dr. 

D. 

R. 

Kominz 

B. 

Duntley 

Dr. 

F. 

Irreverre 

E. 

R.  Mitchell 

Dr. 

J. 

A. 

Gladner 

P. 

Murtaugh 

Dr. 

R. 

B. 

Simpson 

J. 

W.  Healy 

Dr. 

R. 

R. 

Williams 

E. 

F.  Wilson 

Dr. 

L. 

C. 

Stewart 

E. 

Kenton 

Dr. 

H. 

P. 

Baker 

Cooperating  Units: 

Prof.  Lester  J.  Reed,  Dept.  of  Chemistry,  Univ.  of  Texas 

Dr.  J.  F.  Thompson,  U.S.  Plant,  Soil,  and  Nutrition  Laboratory,  ARS, 

U.  S.  Dept.  of  Agriculture 
Dr.  E.  Weinbach,  LTD-NIAID 
Dr.  J.  E.  Folk,  OBC-NIDR 

Dr.  Leo  Mandelkern,  Natl.  Bur.  of  Standards 
Dr.  S.  Asen,  Crops  Research  Division,  Agricultural  Research  Service 

U.S.D.A. 
Dr.  Viswanatha,  LPT-NIAMD 


Man  Years  (calendar  year  1960):   Total:   20-1/3 

Professional:   13-1/3 
Other :   7 
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Project  Description: 

Objectives; 

The  chief  interest  of  this  section  remained  the  study  of  the 
correlation  between  structure  and  function. 

One  problem  of  structure  in  its  relation  to  function  is  very  explicit 
in  processes  where  one  form  of  energy  is  converted  to  another  (photosyntheses, 
the  mechanism  of  vision^  conversion  of  chemical  energy  to  electrical  energy 
and  so  on) .   Muscle  is  one  example  of  these  biological  transducers  which 
occupied  the  interest  of  this  section  for  the  past  several  years.   In 
muscular  contraction  the  structure  in  which  energy  conversion  takes  place 
comes  into  the  picture  in  different  levels.   The  so  called  contractile 
proteins  build  up  a  microscopic  structure.   The  inner  structure  of  the 
muscle  proteins  also  changes  during  contraction.   Thus  in  order  to  under- 
stand energy  conversion  on  muscles,  studies  have  to  be  conducted  on  both 
of  these  structural  levels.   Interest  has  to  be  centered  not  only  on  the 
molecule  as  a  whole  but  on  its  inner  structure  as  well.   (Distribution  of 
changes,  electrons  and  so  on) . 

It  is  hoped  that  by  studying  the  properties  of  the  contractile  muscle 
proteins  we  shall  be  able  to  reconstruct  how  these  proteins  build  up  the 
myofilaments,  and  to  pinpoint  that  part  of  the  contractile  proteins  where 
the  primary  interaction  with  the  energy-yielding  chemical  takes  place.   For  • 
this  reason  we  break  up  these  proteins  by  various  means  and  study  their  minute 
structures. 

Since  ATP  is  believed  to  be  the  chemical  supplying  the  energy  to 
muscular  contraction,  the  interaction  of  this  chemical  with  the  proteins 
myosin  and  actin  has  been  undertaken. 

Another  aspect  of  structure  and  function  is  involved  in  the  mode  of 
action  of  enzymes.   During  this  year  studies  have  been  made  on  the  enzymes 
thrombin,  carboxypeptidase  A,  B_,  myosin  ATPase,  and  others. 

The  polymerization  of  proteins  remained  under  study  in  order  to  gain 
insight  as  to  how  cells  build  up  network  structures  such  as  the  structures 
involved  in  muscular  contraction  and  blood  coagulation. 

Methods 

The  method  of  attack  was  both  direct  and  indirect.   In  the  direct 
attack,  for  example,  the  proteins  of  muscular  contraction  and  blood 
coagulation  are  separated  from  their  native  millieu  and  are  studied  under 
arbitrary  conditions  which  are  selected  to  reveal  properties  of  interest. 
In  the  indirect  attack  studies  are  made  on  some  other  (already  better)   known 
proteins  to  gain  information  before  the  direct  attack  is  made. 
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Methods;   (Cont'd.) 


In  these  studies  the  procedures  of  biochemistry  and  physical  chemistry 
are  employed.   For  example:   Paper  and  ion-exchange  chromatography, 
enzjmiology,  ultracentrifugal  analysis,  light  scattering  measurements, 
electrophoresis,  diffusion  measurements,  ion-binding  measurements  and  so  on. 


Major  Findings; 

The  glycerol  treated  muscle  fiber  -  Results  were  obtained  which  indicate 
that  ADP  and  PO4  suppress  the  work  done  by  fiber-bundles  in  ATP-induced 
contractions  less  than  it  does  the  rate  of  splitting  ATP  by  homogenized 
fibers.   In  order  to  measure  ATP  splitting  in  the  presence  of  added  phosphate 
radioisotopic  methods  were  adopted.   This  requires  the  use  ATP  containing 
P-^2  in  the  terminal  position.   For  the  preparation  of  adenosine  triphosphate 
as  APPP^^  rat  liver  mitochondia,  spinach  and  swiss  chard  chloroplasts  were 
used  as  phosphorylating  agents.   The  chloroplasts  have  given  what  appears 
to  be  APPP32  and  in  good  yield. 

The  results  by  this  method  indicate  that  1/8  to  1/2  of  the  amount  of 
ATP  split  to  account  for  the  energy  expenditure  of  muscle  fibers  during 
an  initial  one  or  three  second  interval  of  measured  work  in  solutions  of 
ADP  and  phosphate. 

The  diffusion  constant  of  adenosine  triphosphate  through  bundles  of 
glycerol-treated-psoas  muscle,  widely  held  to  be  so  small  that  theoretically 
only  single  fine  fibers  would  contract  in  O.OOIM  ATP,  was  studied  by  allowing 
myokinase  treated  bundles  to  develop  full  isometric  tension  first  in  O.OOIM 
ATP  and  then  in  0.002  ADP.   In  thick  fully  tensed, bundles  ADP  caused  addition- 
al contraction  which  was  correlated  directly  with  size  of  bundle  and  from 
which  it  can  be  shown  that  the  diffusion  constant  of  ATP  through  this 
material  is  great  enough  (>3.5  x  10~8<  7.5  x  10-6  cm2/sec.)  to  allow  com- 
plete diffusion  in  bundles  175|i  wide  (0.023mm2  cross-sectional  area). 
(Bowen,  Martin) 

Myosin 

Free  diffusion  measurements  revealed  that  myosin  preparations  isolated 
from  dog  hearts  (normal  as  well  as  failing)  were  not  homogenious.   Thus  the 
deduced  molecular  weights  of  5.0  x  10^  g  must  be  considered  as  an  average 
value.   (Carroll  in  cooperation  with  Davis) 

By  counting  the  arginine  containing  spots  in  "fingerprints"  of  tryptlc 
digests  of  myosin  a  minimal  molecular  weight  in  the  neighborhood  of  2.0  x 
10^  g  was  obtained  for  myosin.   With  this  molecular  weight  the  larger 
myosin  molecules  appear  as  orderly  aggregates  revealing  a  pattern  of  end-to- 
end  and  side-by-side  associations.   With  such  a  knowledge  some  essential 
functional  features  of  the  myofilaments  can  be  reconstructed. 
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Myosin;  (Cont'd.) 

Work  was  continued  on  the  elucidation  of  the  inner  structure  of  myosin 
molecule.   "Fingerprints"  of  both  tropomyosin  A  and  actin  revealed  great 
amount  of  overlaps  with  the  "fingerprints"  of  myosin,  again  indicating  a 
close  relationship  between  these  proteins  and  myosin.   (Laki,  Kenton) 


Myosin  ATPase 

Experiments  carried  out  on  the  rapid  initial  phase  of  myosin  B  ATPase 
activity  indicate  that  this  phenomenon  varies  with  different  myosin  prepar- 
ations and  is  probably  due  to  the  actual  hydrolysis  of  the  substrate  and 
not  to  the  release  of  myosin  bound  Pi.   However,  evidence  of  Pi  binding  by 
myosin  has  been  obtained.  Using  labelled  ATP  as  a  substrate  P*  is  bound  to 
the  myosin  which  can  be  eluted  with  ATP-buffer  solutions  but  not  by  buffer 
alone.   This  bound  Pi  probably  is  not  a  contributing  factor  to  the  high 
initial  rate.   (Stewart,  Bowen) 

Ultracentrifugal  studies  have  revealed  that  -SH  groups  are  not  active 
centers  of  the  myosin  ATPase  but  instead  maintain  the  structural  integrity 
of  the  enzymatic  sites. 

Dissection  of  myosin  into  three  distinct  components  by  specific 
chemical  reagents  is  being  employed  to  study  the  synthesis  and  structure 
of  this  protein. 

A  characterization  of  diverse  invertebrate  muscle  proteins  is  being 
pursued  in  order  to  gain  further  insight  into  the  relationships  between 
the  proteins  of  a  given  muscle  or  of  a  given  animal.   (Kominz,  Carroll, 
Mitchell) 


Actin 

Using  labelled  ATP  it  was  found  the  F-actin  binds  one  ADP  per  molecule 
of  actin  and  several  phosphate  molecules  depending  on  the  Pi  content  of  the 
medium.   (Laki,  Kenton) 


Servim  Albumin 

The  association  constants  of  methylmercuric  ion  with  sulfhydryl  and 
other  bases  were  determined.   From  these  and  other  data  the  equilibrium 
constant  for  dimerization  of  human  mercaptalbumin  with  mercury  or  mercurial 
was  revised  to  a  value  about  a  hundred  times  smaller  than  the  former  estimate. 
This  smaller  value  makes  possible  some  interference  reactions  with  some 


381 


Serial  No.  NIAMD-LPB-18 
Page  5 

Serum  Albumin:  (cont'd)  

other  cations.   (Simpson) 

Fibrinogen  -  Fibrin  Transformation 

The  complete  amino  acid  sequence  of  peptide  B  of  co-fibrin  has  now 
been  completed.  The  postulated  order  of  amino  acids  is  as  follows: 

N-acety.thre, gly.phe.pro.asp.tyr.S04.asp.glu.gly.gly.asp.asp.arg.pro.lys. 
val . gly . 1 eu . gly . ala . arg . 

The  structure  of  this  peptide  is  important  since  this  is  the  material 
in  co-fibrin  which  has  the  physiological  activity  previously  reported. 
This  knowledge  will  now  allow  us  to  attempt  to  compare  biological  activity 
with  structure  modification. 

It  is  of  further  interest  that  this  peptide  contains  a  masked  N- 
terminal  residue  which  implies  that  the  fibrongen  molecule  must  also 
contain  among  others^  this  identical  masked  N-terminal  residue(s) . 
(Gladner,  Folk)  . 

Studies  on  EnzjTnes 

Carboxypeptidase 

Carboxypeptidase  B  has  now  been  isolated  and  purified  from  autolized 
pig  pancreas.  The  pure  enzyme  has  a  molecular  weight  of  34,000  g.  and 
contains  one  gram  atom  of  zinc  per  molecule.   It  consists  of  a  single 
polypeptide  chain. 

Both  Carboxypeptidase  A  and  B  show  a  two  fold  increase  in  amidase 
activity  when  Co"*^  ions  are  added.   The  use  of  Cd++  brings  about  a  com- 
pletely opposite  effect.   Both  the  amidase  activities  of  the  A  and  B 
enzjmies  are  completely  inhibited  while  the  esterase  activities  are  markedly 
increased.   (Gladner,  Folk) 

A  Complex  Dehydrogenase 

An  investigation  of  the  properties  of  pyruvate  and  a-ketoglutarate 
dehydrogenation  complexes  from  Escherichia  coli  revealed  them  to  be  large 
"multienzyme"  units  of  4.8  and  2.4  million  g.  respectively,  capable  of 
carrying  out  a  series  of  reactions  involving  several  coenzymes.   (Carroll, 
in  cooperation  with  Reed,  University  of  Texas) 

The  Relationship  of  ion  Binding  to  Protein  Structure 

Some  measurements  on  the  binding  of  anions  to  amino  groups  in  polamino 
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The  Relationship  of  ion  Binding  to  Protein  Structure:   (cont'd) 

acids  and  other  model  compounds  have  been  continued  in  search  for  some  of 
the  structural  characteristics  peculiar  to  protein  molecules. 

Determination  of  Amino  Acids 

In  order  to  find  some  of  the  structural  arrangements  already  predicted 
from  ion  binding  studies  (pairing  of  carboxyl  and  amino  groups,  clustering 
of  the  imidazole  group  in  serum  albumin  and  clusters  of  three  arginine 
groups  in  salmine),  a  program  for  amino  acid  analysis  by  gas  chromatography 
was  initiated  in  collaboration  with  Dr.  Karmen  of  the  Heart  Institute. 
After  trying  a  few  derivatives,  the  N-trif luoroacetylmethyl  esters  of  the 
amino  acids  were  found  to  be  most  satisfactory  in  our  hands.   Side  reactions 
were  kept  to  a  minimum  by  the  introduction  of  Dowex  50  as  an  acid  catalyst 
in  the  esterif ication  step.   Successful  results  have  been  obtained  from 
valine,  alanine,  isoleucine,  leucine,  glycine,  proline,  aspartic  acid, 
threonine,  methionine,  serine,  glutamic  acid,  phenylalanine,  hydroxyproline 
and  cystine.   Tyrosine  and  arginine  have  yielded  multiple  peaks  so  far. 
Negative  results  were  obtained  from  cystine,  histidine  and  tryptophan. 

Some  success  has  been  encountered  in  our  attempts  to  simplify  the 
nature  of  the  derivative  by  the  introduction  of  ammonia  gas  as  part  of  the 
carrier  gas  system.   With  ammonia  gas  the  ethyl  and  butyl  esters  of  the 
amino  acids  have  been  injected  onto  the  columns  as  the  hydrochlorides  but 
chromatographed  in  the  gas  phase  as  the  free  base.   This  system  is  a 
practical  one  when  the  hydrogen  flame  ionization  detector  is  employed. 

Although  our  studies  on  the  N-trif luoroacetylmethyl  ester  have 
indicated  that  this  derivative  will  prove  satisfactory  for  rapid  quantitative 
analysis  for  small  amounts  of  amino  acids  (about  10~3  ^iM),  we  are  con- 
centrating our  efforts  on  the  search  for  new  systems  (such  as  the  ammonia 
gas  system)  and  derivatives  in  order  to  broaden  the  application  of  gas 
chromatography  to  include  amino  acids  such  as  cystine,  histidine  and 
tryptophan.   (Saroff,  Healy) 

The  presence  of  hydroxylysine  has  been  established  in  trypsin  and  its 
presence  was  also  detected  in  chymotrypsin.   (Irreverre  and  Viswanatha) 

Isolation  and  Characterization  of  Compounds  (related  to  amino  acids) 
in  Living  Systems 

The  isolation  of  a  dipeptide,  prolylhydroxyproline  from  urine  was 
reported  last  year.  This  year  with  the  use  of  a  sensitive  quantitative 
method  using  paper  chromatography  the  occurrence  of  this  compound  in 
various  species  and  organs  (as  well  as  its  excretion  in  human  urine)  normal 
and  pathological  was  demonstrated. 
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Isolation  and  Characterization  of  compounds  (related  to  amino  acids)  in 
Living  Systems;   (cont'd) 

In  infant's  urines  an  interesting  a-amino  acid  was  detected.   It 
co-chromatographed  by  ion-exchange  resin  and  by  paper  in  several  solvent 
systems  with  a-amino-e-ureido-n-caproci  acid  (homocitrulline) .   This  is 
the  first  time  that  this  compound  has  ever  been  found  in  human  urine.  The 
compound  was  not  present  in  the  food.   So  far^  we  have  found  homocitrulline 
only  in  theurines  of  babies  below  1  year  of  age.   It  is  not  present  in 
older  children  nor  adults.   A  new  acidic  aromatic  amino  acid^ 
ci;(m-carboxyphenyl) -alanine  was  isolated  and  characterized  from  iris  bulb. 
This  compound  now  has  been  synthesized  and  its  optical  isomers  resolved 
exzymatically. 

From  Iris  bulb^  yS^^tamyl-p-aminoisobutyric  acid  and  p-alanine 
also  has  been  isolated.   (Irreverre  in  cooperation  with  Drs.  Thompson 
ans  Asen) 

These  new  amino  acids  and  peptides  with  the  use  of  the  amino  acid 
analyzer  is  being  quantitately  determined; 


Significance: 

When  part  of  the  protoplasm  or  the  whole  cell  (as  in,  e.g.,  cell 
division  or  muscular  contraction)  performs  mechanical  work,  a  network 
structure  is  built  up  at  least  temporarily,  mainly  through  an  orderly 
polymerization  of  globular  proteins.  This  structure  then  reacts  with 
the  surrounding  medium  and  by  utilizing  metabolic  energy  (stored  in 
ATP  e.g.)  performs  work  (muscular  contraction,  amosboid  movement).   In 
order  to  understand  this  "mechano-chemical  coupling"  (the  interaction 
of  structure  with  the  surrounding)  and  its  disorders,  we  must  know  how 
such  structures  are  built  up.   In  addition  we  also  have  to  know  the 
detailed  structure  of  the  "building  stones",  the  structure  of  the 
polymerizing  proteins.   Muscular  contraction  and  blood  coagulation  are 
examples  of  processes  where  structures  are  built  up  through  protein 
polymerization.   Such  knowledge  eventually  will  lead  us  to  the  understanding 
of  certain  diseases  of  muscles.   Study  of  blood  clotting,  in  addition  to 
supplying  clues  for  protein  poljmierization  gives  us  better  understanding 
of  the  disorders  of  blood  clotting. 

When  both  direct  and  indirect  approach  leads  to  some  specific  disease 
the  advantage  offered  by  studying  the  disease  is  utilized  to  the  extent 
profitable. 

Proposed  Course  of  Project; 

In  the  next  calendar  year  we  will  follow  in  logical  sequence  of  the 
topics  outlined. 
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Project  Title:  Effects  of  hypoxia  on  physiological  and  pathological 
mechanisms  in  animals. 

Principal  Investigator:   Paul  D.  Altland 

Other  Investigators:   Edwin  C.  Thompson,  Edna  C.  Thompson,  Milton  Parker 

Cooperating  Units:   Dr.  Benjamin  Highman,  Section  on  Pathologic  Anatomy, 
Laboratory  of  Pathology  and  Histochemistry. 
Dr.  Falconer  Smith,  Radiation  Biology  Section, 
Radiation  Branch,  NCI. 

Man  Years 

Total:  4 

Professional:  1 

Other:  3 

Project  Description: 

Objectives:   (1)   To  determine  the  physiologic  mechanisms  which 
influence  altitude  acclimatization  and  tolerance. 

(a)  To  determine  the  influence  of  age,  sex  and  exercise  on 
altitude  tolerance  in  rats.  To  study  the  effect  of  various 
stages  of  pregnancy  on  altitude  tolerance  in  the  rat. 

(b)  To  discover  the  nature  of  altitude  tolerance  in  birds. 

(c)  To  study  changes  in  serum  enzyme  levels  induced  by  altitude 
exposure  of  rats  and  dogs. 

(2)   To  establish  the  role  of  hypoxia  in  the  development  of 
disease. 

(a)  To  determine  the  rate  and  degree  of  development  of  experimental 
atherosclerosis  in  rabbits  and  chickens  exposed  continuously  to 
high  altitude. 

(b)  To  determine  the  influence  of  hypoxia  on  the  immune  response  of 
rats  and  rabbits. 

(c)  Hypoxia  renders  rats  highly  susceptible  to  experimental 
endocarditis.  To  study  the  relationship  of  hypoxia  to 
susceptibility  of  rabbits  to  experimental  endocarditis. 
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Methods  Employed:   Altitude  exposures  conducted  in  decompression 
chambers.  Physiologic,  biochemical,  hematologic,  and  pathologic 
techniaues  used. 


techniques  used. 


Major  Findings:   Rabbits  which  were  fed  a  high  cholesterol  diet  and 
exposed  23  hours  daily  to  16,000  ft.  simulated  altitude  for  a 
maximum  of  17  weeks  showed  much  more  severe  atheroscerotic  lesions 
in  the  pulmonary  vessels  than  in  ground  level  cholesterol- fed 
controls.  Lesions  in  the  descending  and  abdominal  aorta  were 
milder  in  the  altitude  cholesterol-fed  rabbits.  The  altitude 
cholesterol- fed  group  showed  a  much  higher  incidence  of  marked 
calcium  deposition  in  the  atherosclerotic  lesions  involving  both 
the  aorta  and  pulmonary  vessels.  These  changes  were  attributable 
at  least  in  part  to  hypoxia.  Serum  cholesterol  values  of  the 
cholesterol-fed  rabbits  exposed  to  altitude  increased  more  than 
in  ground  level  controls.  The  serum  cholesterol  values  of  the 
rabbits  fed  a  stock  diet  were  not  altered  by  exposure  to  altitude. 
Cholesterol- fed  rabbits  maintained  at  ground  level  developed  a 
persistent  anemia.  The  polycythemia  produced  by  altitude  in 
cholesterol- fed  and  control  rabbits  was  similar  for  8  weeks  but  the 
hematocrit  values  of  the  cholesterol- fed  rabbits  declined  by  about 
20%  thereafter,  though  still  above  normal. 

Chickens  and  pigeons  were  exposed  for  6  hours  to  various 
simulated  altitudes  to  determine  the  degrees  of  tolerance,  consider- 
ing sex,  age,  and  blood  values  as  influencing  factors.   Six  to  seven 
week  old  chicks  were  less  tolerant  than  20  to  23  week  old  chickens. 
All  chicks  survived  at  12,000  ft.;  all  older  chickens  survived 
16,000  ft.  All  chicks  and  older  chickens  died  at  26,000  feet. 
Roosters  showed  a  greater  altitude  tolerance  than  hens,  a  sex 
difference  contrary  to  that  found  in  mammals.  Pigeons  survived 
well  at  all  altitudes  below  32,000  ft.  and  all  died  at  34,000  ft. 
The  results  indicate  that  chickens  have  a  much  lower  altitude 
tolerance  than  all  other  small  warm-blooded  animals  previously 
studied. 

A  study  of  the  concentration  of  serum  enzymes  of  dogs  given 
one  4  hour  exposure  to  32,000  ft.  simulated  altitude  showed  a  rise 
in  glutamic  oxalacetic  transaminase  (SCOT) ,  glutamic  pyruvic 
transaminase  (SGPT) ,  lactic  dehydrogenase  (SLD) ,  and  alkaline 
phosphatase  (SAK-P) .  Hyperglycemia  was  also  produced.  The  enzyme 
increases  were  diminished  by  the  adrenergic  blocking  agent  phenoxy- 
benzamine  and  the  hyperglycemia  was  diminished  by  the  ganglionic 
blocking  agent  chlorisondamine  dimethochloride.  These  findings 
indicate  that  hypoxia  causes  hyperglycemia  by  releasing  catechol 
amines  from  the  adrenal  medulla,  and  increases  serum  enzyme  levels 
by  altering  selective  cellular  permeability. 
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In  a  study  of  the  influence  of  hypoxia  on  the  immune  response 
of  rats,  it  was  found  that  there  was  an  increase  in  the  amount  of 
antisheep  erythrocyte  hemolysin  produced  in  rats  exposed  continuously 
to  20,000  ft.  simulated  altitude  for  4  to  5  weeks.  Exposure  of 
animals  to  high  altitude  may  be  a  valuable  experimental  tool  in 
increasing  circulating  antibody  titers. 

Significance  to  NIAMD  Research:   Results  indicate  that  hypoxia  plays  a 
role  in  the  experimental  production  of  pulmonary  arteriosclerosis 
and  in  producing  marked  calcium  deposition  in  atherosclerotic 
lesions  in  the  aorta  and  pulmonary  vessels.   These  lesions  were 
correlated  with  very  high  serum  cholesterol  values  in  the  cholesterol- 
fed  altitude  rabbits.  Altitude  tolerance  studies  indicates  that 
chickens  have  a  lower  tolerance  than  any  small  warm-blooded  animal 
previously  studied.  Altitude  exposure  of  dogs  results  in  an  increase 
in  certain  serum  enzymes  above  normal,  thus  revealing  previously 
unexplored  physiological  mechanism  involved  in  altitude  stress.  The 
discovery  of  an  increase  in  the  titer  of  antisheep  erythrocyte  hemoly- 
sis in  rats  exposed  to  high  altitude  may  provide  a  new  experimental 
method  for  increasing  other  antibody  titers. 

Proposed  Course  of  Project:   To  continue  experiments  to  accomplish 
listed  objectives. 


Part  B  included.  Yes 
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Publications  other  than  abstracts  from  this  project: 

Altland,  P.  D.,  and  Highman,  B,:   Effects  of  High  Altitude  on 
Cholesterol  Fed  Rabbits  (Production  of  Severe  Pulmonary 
Atherosclerosis  with  Calcification).  A.M. A.  Arch.  Path.  70: 
349-357,  1960. 

Maling,  H.  M. ,  Highman,  B.,  and  Thompson,  E.  C:   Some  Similar 
Effects  after  Large  Doses  of  Catecholamines  and  Myocardial 
Infarction  in  Dogs.  Am.  J.  Cardiol.  5:  628-633,  1960. 

Altland,  P.  D.:   Altitude  Tolerance  of  Chickens  and  Pigeons. 
J.  Appl.  Physiol,  (accepted  for  publication). 

Highman,  B.,  and  Altland,  P.  D.:   Serum  Enzyme  Rise  after  Hypoxia 
and  Effect  of  Autonomic  Blockade.  Am.  J.  Physiol,  (accepted 
for  publication) • 

Thompson,  E.  C:   Simultaneous  Staining  of  Reticulocytes  and  Heinz 
Bodies  with  New  Methylene  Blue  N  in  Dogs  given  Iproniazid. 
Stain  Tech.  (accepted  for  publication). 

Smith,  F.,  Altland,  P.  D.,  and  Highman,  B.r  Effect  of  High 
Altitude  Acclimatization  on  Formation  of  Sheep  Erythrocyte 
Hemolysin  in  Rats.  Jour.  Infect.  Diseases  (accepted  for 
publication) . 
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Project  Title:   Invertebrate  Physiology 

Principal  Investigator:   John  B.  Buck 

Other  Investigators:   Leo  Levenbook,  Margaret  L.  Keister,  Helen  D.  Park, 
Anne  Ortmeyer,  Vincent  Mollis 

Cooperating  Units:   None 

Man  Years  (calendar  year  1950) : 
Total:         6 
Professional:   4 
Other:        2 

Project  Description: 

Objectives:   The  long  range  objectives  can  be  defined  as  the  research 
interests  of  the  four  professionals  in  the  unit.   Specifically: 
(1)   Basic  induction  mechanism  in  origin  of  reproductive  cells  from  . 
soma  cells.   (2)   Mechanism  of  protein  synthesis  in  insect  metamor- 
phosis.  (3)   Physical  factors  in  respiration.   (4)   Biological 
triggers. 

Methods  Employed:   Carbohydrate  metabolism  has  been  followed  by  chro- 
matographic and  tracer  methods  of  identification  and  assay  of  various 
types  of  blood  and  tissue  intermediates.  The  aerobic- anaerobic 
transition  zone  is  being  studied  by  measuring  oxygen  uptake  before, 
during,  and  after  exposure  to  various  partial  pressures  of  oxygen. 
The  biophysical  aspects  of  gas  transfer  involve  dimensional  study 
of  the  respiratory  system,  respirometry  and  computation.  Electro- 
metric  methods  were  applied  to  an  intensive  study  of  neurogenic 
initiation  of  bioluminescence  in  fireflies. 

Major  Findings:   1.  Dr.  Park  has  completed  a  study  of  the  relation  of 
population  density  to  sexual  differentiation  in  Hydra .  The  results 
have  shown  that  hydras  at  densities  from  2.67  to  0.1  individuals  per 
milliliter  of  medium  undergo  alternating  sexual  and  asexual  periods. 
The  results  have  further  shown  that  individual  isolated  hydras 
undergo  alternating  sexual  and  asexual  periods.  There  was  no 
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evidence  that  sexuality  had  any  effect  on  rate  of  asexual  reproduc- 
tion.  It  was  further  found  that  there  was  an  inverse  relationship 
between  population  density  and  budding  rate.  The  results  indicate 
that  there  is  a  direct  relationship  between  the  age  of  individual 
hydras  and  their  budding  rates. 

2.  Dr.  Levenbook  has  continued  his  investigations  on  citrate 
and  amino  acids  in  insects.  The  high  bloqd  citrates  found  for  17 
insect  species  is  characteristic  of  predominantly  larval  stages. 
Total  citrate  content  falls  abruptly  during  metamorphosis  and  the 
titer  remains  relatively  low  in  the  adults.  C^^-citrate  injected 
into  Southern  Armyworm  larvae  is  rapidly  oxidized  to  C^^Oo.  A  new 
technique  was  developed  for  the  determination  of  citrate-C^^  specific 
activity  in  5^1  blood  samples.   The  half  life  of  citrate  in  the 
larva  is  about  2  hours. 

Studies  were  completed  on  the  distribution  of  glutamine, 
glutamate  and  free  amino  acids  in  the  blood  and  tissues  of  the 
Armyworm  larvae,  and  their  variation  during  adult  development. 

3.  Dr.  Keister  has  extended  the  study  of  the  relations  of 
oxygen  tension  and  of  temperature  to  the  respiration  of  post- 
embryonic  stages  of  the  blowfly,  Phormia  regina,  to  include  both 
intact  and  decapitated  adult  flies  of  several  ages.  The  results 
show  that  a)  the  respiration  of  adults  is  independent  of  O2  tension 
over  a  wider  range  than  is  that  of  larvae  or  pupae,  perhaps  because 
of  the  regulable  spiracular  valves  of  the  adult;  b)  the  effect  of 
temperature  over  the  range  0-45°C  on  the  respiratory  rate  of  adults 
is  similar  to  that  on  larval  and  pupal  rates;  c)  decapitation  causes 
little  change  in  the  ©£  uptake  rates  of  one  day  old  flies  in  the 
range  0-45°C  or  in  O2  tensions  from  0-217..  In  older  flies  decapita- 
tion eliminates  irregularities  in  respiratory  rate  due  to  spontaneous 
activity  but  does  not  affect  the  response  of  basal  metabolism  to 
changes  in  temperature  or  oxygen  tension. 

4.  Dr.  Buck  continued  his  collaborative  work  at  Woods  Hole 
with  Dr.  James  Case  of  the  University  of  Iowa  on  the  excitation  of 
bioluminence  in  the  firefly.  The  major  findings  of  the  summer 
include  (1)  Discovery  of  a  type  of  luminescence  with  immeasurably 
short  response  latency  which  is  thought  to  represent  the  result  of 
direct  stimulation  of  the  photogenic  cell.   In  view  of  previous 
measurement  of  a  long  latency  response  (neural)  and  an  intermediate 
latency  response  (function?) ,  the  photogenic  organ  appears  to  have 
a  three-stage  activation  analogous  to  nerve-muscle.   (2)  Presence 

of  several  fixed  long  latency  classes  in  some  species,  corresponding 
to  the  several  peaks  of  the  multiple  flash  which  occurs  in  centrally- 
innervated  lanterns  but  not  in  isolated  lanterns,  is  ascribed  to 
periodic  reverberation  in  the  CNS. 
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Significance  to  NIAMD  Research:   All  Che  work  of  this  unit  can  be 

considered  as  contributing  to  the  basic  biology  of  metabollsni.  More 
specifically,  the  various  projects  underway  impinge  on:  intermediary 
metabolism,  cell  differentiation,  biophysics  of  gas  transfer, 
endogenous  rhythms  (biological  clocks) ,  and  biological  triggering 
(biophysics  of  excitation) . 

Proposed  Course  of  Project:   Dr.  Levenbook  plans  to  investigate  Insect 
organic  acid  metabolism  during  various  stages  of  development,  and  to 
initiate  a  study  of  amino  acid  turnover  and  protein  synthesis  using 
lysine  C   .  Dr.  Levenbook  also  is  planning  a  cooperative  project 
with  Dr.  Kominz  involving  the  biosynthesis  and  properties  of  insect 
myosin.   The  other  investigators  expect  to  carry  on  in  the  direc- 
tions indicated  by  their  progress  reports. 


Part  B  included  Yes 
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Part  B.  Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  from  this  project: 

Park,  Helen  D.  and  Buck,  John:   The  relation  of  oxygen  consumption 
to  ambient  oxygen  concentration  during  metamorphosis  of  the 
blowfly,  Phormia  regina.  J.  Ins.  Physiol.  4:  220-228,  1960. 

Irreverre,  F.  and  Levenbook,  L.:   Effect  of  diet  on  the  occurrence 
of  S-methyl  cysteine  and  the  free  amino  acid  pattern  in  Insect 
blood.  Biochim.  et  Biophys.  Acta  38:  358,  1960. 

Levenbook,  L.  and  Hollis,  V.  E.,  Jr.:   Organic  acids  in  insects. 
I.  Citric  Acid.   In  press  in  J.  Insect  Physiol. 

Levenbook,  L.:   Organic  acids  in  Insects.  2.  Tricarboxylic  acid 
cycle  and  related  enzymes  in  the  larva  of  the  Southern  Armyworm, 
Prodenia  eridanla.   In  press  in  Arch.  Biochem.  Biophys. 

Friedman,  Stanley:   The  purification  and  properties  of  trehalase 
isolated  from  Phormia  regina  Meig.  Arch.  Biochem.  &  Biophys.  87; 
252-258,  1960. 

Friedman,  Stanley:   Occurrence  of  Trehalose-6-Phosphatase  in 

Phormia  regina  Meig.  Arch.  Biochem.  &  Biophys.  88:  339-343,  1960. 

Mecca,  Christyna  E.:   Lack  of  Elevated  Injury  Respiration  in  a 
Non-dlapausing  Moth  Pupa.  Annals  Ent.  Soc.  Amer.  S3:  #6,  1960. 

Buck,  John  B.:   Speculations  on  the  Interrelations  and  Evolution  of 
Photic  Organs.   In  press  In  Reports  of  "Light  and  Life"  1960 
Symposium  of  the  McCollum- Pratt  Inst.,  Johns  Hopkins  Univ.  Press. 

Honors  and  Awards  relating  to  this  project: 

Dr.  Helen  Park  was  elected  to  membership  in  the  Society  for  The 
Study  of  Development  and  Growth.   She  also  was  Invited  to  speak 
before  the  Biochemistry  Seminar  (AFIP) . 

Dr.  L.  Levenbook  lectured  on  his  work  at  Oregon  State  College, 
Corvallis,  and  at  the  University  of  Oregon  Medical  School. 

Dr.  John  Buck  was  elected  President  of  the  Society  of  General 
Physiologists.  He  lectured  at  DePaul  University  under  the 
auspices  of  the  American  Institute  of  Biological  Sciences,  and 
at  the  University  of  Iowa  and  University  of  Maryland.  He 
participated  in  the  McCollum-Pratt  Symposium. 
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Project  Title:   The  circulatory  reaction  of  sensitive  mammalian  species 
to  plasma  expanders 

Principal  Investigator:   Louise  H.  Marshall 

Other  Investigators:   Charles  H.  Hanna,  George  E.  Clipper 

Cooperating  Units:   None 

Man  Years  (calendar  year  1960) 
Total:         3 
Professional:   1 
Other:        2 

Project  Description: 

Objectives:   To  elucidate  the  fundamental  mechanism  of  cellular  per- 
meability through  investigation  of  factors  concerned  with  vaso- 
depression  and  increased  extravasation  of  plasma  following  admin- 
istration of  dextran  to  rats  and  polyvinylpyrrolidone  (PVP)  to  dogs. 

Methods:   Permanent  cannulation  of  the  abdominal  aorta,  a  procedure 
developed  in  rats  last  year,  has  been  improved  by  simplifying  the 
operation  so  that  it  is  shorter  and  by  insertion  under  the  skin 
behind  the  ears  of  a  plastic  disc  bearing  a  thin-walled  plastic 
sphere  into  which  the  tubing  from  the  vessel  is  coiled.  This 
presents  a  smooth  round  surface  impossible  for  the  animal  to  damage, 
and  easy  access  to  the  tubing  is  provided  by  threading  the  hemi- 
spheres. A  few  rats  were  prepared  with  permanent  tubes  in  the  left 
carotid  artery.  This  simpler  procedure  was  abandoned  because 
incidence  of  failure  was  increased  by  the  more  acute  angles. 
We  continue  to  use  the  submicromethod  of  Parke  and  Johnson  for  deter- 
mining glucose  concentration  in  small  samples  of  rats'  blood.   The 
semiquantitative  estimation  of  edema  formation  in  rat's  forefoot 
and  dog's  ear  has  received  continued  refinement. 

Major  Findings:   1.  Moderate  dosage  of  dextran  increases  rats'  suscept- 
ibility to  fatal  insulin  convulsions.  A  larger  amount  is  protective. 
This  may  be  due  to  the  significant  hyperglycemia  we  have  found  in 
conscious  rats  after  large  amounts  of  dextran. 
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2.  During  pentobarbital  anesthesia,  hyperglycemia  after  dextran 
is  greater  than  in  conscious  rats.  Since  it  has  been  reported  by 
others  that  a  high  blood  glucose  suppresses  the  dextran  reaction, 
this  finding  together  with  the  previously  shown  enhancement  of  vaso- 
depression  by  pentobarbital,  may  explain  why  signs  of  the  reaction 
are  seldom  seen  in  anesthetized  rats. 

3.  We  have  observed  that  after  insulin,  vasodepression  follow- 
ing intravenously  administered  dextran  in  rats  occurs  sooner,  but  is 
not  as  severe  as  in  normal  rats.  The  same  is  true  of  edema  formation 
as  estimated  by  volume  changes  of  the  forefoot.  However,  higher 
hematocrit  values  indicate  that  after  insulin  there  may  be  a  greater 
generalized  fluid  loss  while  that  to  "target"  areas  (paws,  snout, 
genitalia)  is  reduced. 

4.  Dogs  after  receiving  insulin  display  an  attenuated  reaction 
to  intravenous  PVP.  When  under  pentobarbital  anesthesia,  the  rise 
in  blood  sugar  following  PVP  injection  is  no  greater  than  when 
conscious.  This  correlates  with  our  earlier  finding  that  this 
anesthesia  did  not  alter  the  reaction. 

Significance  to  NIAMD  Research:  The  investigations  described  constitute 
basic  research  in  normal  mammalian  physiology,  the  understanding  of 
which  underlies  any  serious  attack  on  deranged  function  in  metabolic 
disease.  We  have  attempted  to  view  the  cellular  reactions  in  relation 
to  the  framework  of  the  whole  animal  response. 

Proposed  Course  of  Project:   Experiments  on  the  effect  of  insulin  on 
these  reactions  will  be  completed.  We  will  test  the  hypothesis  that 
conscious  rats  are  protected  from  fatal  insulin  convulsions  by  the 
hyperglycemia  accompanying  their  reaction  to  large  amounts  of 
dextran  by  repeating  the  experiments  on  rats  anesthetized  with 
pentobarbital,  whose  hyperglycemia  we  have  shown  to  be  much  greater. 
A  new  area  of  investigation  will  be  to  measure  electrical  potentials 
across  capillary  membranes  whose  permeability  is  increased  by  dextran. 


Part  B  included.  Yes. 
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Part  B.  Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  from  this  project: 

Marshall,  L.  H.  and  Hanna,  C.  H.:  Dextran  and  Insulin  in  Rats. 
Nature,  187:  1118,  1960. 

Talks  given: 

"Blood  Glucose  Increase  in  Anesthetized  Rats  Given  Dextran"  at  Fall 
Meeting  of  the  American  Physiological  Society,  August  26,  1960, 
Palo  Alto,  California. 

"Science  Projects"  to  Sidwell  Friends  School  Science  Club,  Oct., 
1960. 

Honors  and  Awards  relating  to  this  project: 

Member  of  Advisory  Committee  for  NSF  Projects,  Joint  Board  for 

Science  Education.   Chairman,  Beauvoir  School  Advisory  Committee 
for  NSF  Project. 
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Project  Title:   Pulmonary  Ventilation 

Principal  Investigator:   Heinz  Specht 

Other  Investigators:   Howard  F.  Brubach,  Kermit  R.  Hawkins,  Ernest  Kalcy 

Cooperating  Units:   None 

Man  Years  (calendar  year  1960) 
Total:         6 
Professional:  2 
Other:        4 

Project  Description:   Studies  in  pulmonary  ventilation  and  related 
physiological  phenomena  subject  to  atmospheric  influence  including 
abnormal  pressure  and  gas  mixtures. 

Objectives:   The  principal  objective  of  the  overall  project  is  to 
explore  new  phenomena  regarding  breathing  behavior  with  regard  to 
their  physiological  significance.  In  order  to  accomplish  this, 
various  studies  of  physiology  must  be  undertaken  in  order  to  control 
accurately  the  experimental  situation.  The  interrelation  of  work  of 
breathing  and  resistance  to  breathing  have  been  sought  as  limiting 
factors  in  normal  as  well  as  abnormal  conditions  of  breathing.  A 
secondary  objective  has  been  the  study  of  adaptation  to  environmental 
stresses  and  factors  which  modify  such  adaptive  responses.  Other 
uses  of  synthetic  respiratory  gas  mixtures  are  also  being  explored. 

Methods  Employed:   Subjects  are  studied  for  oxygen  consumption  carbon 
dioxide  production,  breath  velocity  patterns,  and  volume  measurements 
as  necessary.  New  devices  or  adaptations  have  been  made  for  new 
approaches  to  measurement  of  physiological  functions.  The  use  of 
Archimedes  principle  in  body  density  measurement  without  the  use  of 
water  weighing  has  been  initiated  as  an  outgrowth  of  a  study  of  the 
effect  of  dense  gases  on  breath  velocity  patterns. 

Major  Findings:   Further  analysis  of  the  temporal  lag  between  alveolar 
pressure  and  the  resultant  mouth  air  flow  in  respect  to  gas  density, 
breathing  effort  and  breath  frequency  has  been  carried  on.  This 
study  has  demonstrated  its  dependence  on  gas  density  and  rate  of 
acceleration  of  the  breath  velocity  during  different  breathing 
patterns,  and  is  currently  being  validated  by  investigation  of 
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Major  Findings  (cont'd) 

nonbiological  contributions  to  the  measurements. 

The  use  of  various  gas  mixtures  to  measure  body  density,  and 
obviating  the  estimation  of  lung  volume,  uses  Archimedes  principle 
of  weighing  in  two  different  density  media.  The  fact  that  both 
media  are  respirable  makes  this  method  attractive  and  the  avoidance 
of  submersion  makes  it  potentially  very  much  more  useful  than 
previous  methods.  Recent  work  has  increased  the  sensitivity  of 
the  method  markedly. 

Proposed  Course  of  Project:   It  is  planned  to  undertake  research  on 
pulmonary  ventilation  in  experimental  animals  in  order  to  provide 
a  background  of  information  similar  to  that  from  hinnan  subjects  but 
permitting  active  intervention  in  normal  processes  not  feasible  with 
subjects  on  a  scale  which  will  provide  statistical  analysis. 


Part  B  included.  No 
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Principal  Investigator:  John  Z,  Hearon 
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Project  Description: 

Objective:  The  objectives  of  this  research  remain  as  stated  for 
calendar  years  195^  and.  1959. 

I-fe-jor  results  and  significance:  The  past  calendar  year  has  been 
largely  devoted  to  the  investigation  of  the  purely  mathematical  aspects  of  cer- 
tain problems  and  the  development  of  the  corollaries  of  these  in  terms  of  other 
applied  problems, 

1.  Symmetric  Homogeneous  Functions:  In  several  problems  (kin- 
etics of  intact  cells;  kinetics  of  perfused  organ  system,  Drs.  G.  Mortimore, 
F.  Tietze,  D.  Stetten,  NIAi'.IDj  asymptotic  behavior  of  ratio  of  blood  to  thyroid 
iodine  curves.  Dr.  S.  Woljnan,  IJCl)  the  characteristic  equation  of  a  second 
order  differential  equation  can  be  greatly  simplified  if  certain  approximations 
.can  be  made  to  the  roots  of  that  equation.   In  a  rather  large  class  of  problems, 
(examples  cited  above)  the  error  analysis  for  the  approximation  involved 
requires  that  an  upper  limit  be  set  as  a  function  F(x,y)  vhich  is  symmetric 
F(x,y)  =  F(y,x)  and  homogeneous  of  degree  zero  F(x,y)  =  F(kx,ky).  It  has  been 
sho\m  that  a  function  with  these  properties  exhibits  a  series  of  critical 
points  in  the  line  y  =  x  and  that  vhile  the  matrix  of  second  partial  derivatives 
is  singular  on  that  line,  the  critical  points  are  extrema.  A  consequence  of 
this  theorem  is  that  vith  a  function  exhibiting  a  maximum  for  y  =  x  can  be 
written  as  F(x,y)  =  G(r)  where  r  =  y/x  and  G(r)  plotted  vs  log  r  \d.ll  be  sym- 
metric about  the  maximum  point  r  =  1.  Thus  a  statistical  distribution  F(a,x) 
vith  mode  x  =  a  will  be  symmetric  about  the  mode  when  plotted  logarithmically 
if  F  is  of  the. class  defined  above  and  conversely  if  the  log  plot  is  symmetrical 
F  belongs  to  that  class.  Similar  conclusions  can  be  dra-vm  if  F(a,x)  is  a  rate 
function  such  that  an  optimum  rate  is  exhibited  at  x  =  a  and  the  rate  curve  is 
symmetric  about  the  optimum  when  plotted  vs  log  x.  This  sharply  restricts  the 
possible  class  of  mechanism  underlying  the  existence  of  optimum  substrate  con- 
centration, optimum  pH,  etc.  in  enzymatic  rates. 
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2.  Some  properties  of  an  admissible  rate  matrix.  It  has  been  shovn 
that  if  A  is  a  matrix  of  order  n  \-n.th.   non-positive  diagonal  and  non-negative 
off  diagonal  elements  then  no  component  of  a  vector  x  initially  non-negative 
and  satisfying  dx/dt  =  Ax  can  vanish  at  a  finite  time.  The  original  purpose 
of  this  theorem  was  to  demonstrate  that  such  a  sign-pattern,  previously  sho'vm 
necessary,  is  sufficient  to  guarantee  positive  concentrations.  This  simple 
common  sense  requirement  on  any  real  biological  or  chemical  system  has  some 
fax-reaching  consequences.  For  if  y  is  the  vector  of  displacement  from  the 
stationary- state  in  an  open  system  then  dy/dt  =  Ay  and  it  follovs  at  once  that 
a  necessary  condition  for  overshoot  of  the  steady-state  by  one  or  more  species 
in  that  some  concentrations  be  initially  above  and  some  below  the  steady-state 
value.  It  follows  further  that  if  S  A. .  <  0,  as  is  true  for  any  open  system, 

then  eYery  element  of  -A  is  non-negative,  the  smallest  root  of  A  cannot  be 
repeated,  the  eigen-vector  associated  -^d-th  that  root  is  non-negative  and  the 
cof actors  of  A  have  the  sign  (-1) 

Previously  derived  conditions  for  overshoot  of  the  steady  state  have 
dealt  •vri. th  particular  cases  and  no  very  general  statements  have  been  available. 
The  above  gives  a  necessary  condition  for  any  system  independent  of  the  number 
of  chemical  species  or  the  reaction  scheme  connecting  them.  Further  a  suffici- 
ent condition  for  no  over-shoot  follows  at  once  in  terms  of  the  initial  condi- 
tions only.  That  the  requirement  of  non-negative  concentration  should  place 
such  stringent  conditions  upon  the  inverse  A   the  dominant  root  and  eigen- 
vector is  interesting  in  itself.  But  knowledge  of  these  properties  is  of  prac- 
tical value  in  the  analysis  of  linear  systems  and  in  other  applied  problems. 

5.  The  body-burden  problem:  There  is  a  rather  broad  and  common 
problem  which  can  be  simply  stated  in  terms  of  the  body-burden  problem.  We 
suppose  that  a  system  (metabolising  system,  whole  body,  etc.)  has  the  property 
that  if  a  quantity  of  solute  q  is  introduced  at  time  zero,  there  remains  at 
time  t  the  amount  qF(t),  where  F(t)^0.  F'(t)So  and  F  is  defined  as  the 
unloading  (excretion  or  metabolizing)  function.  If  the  solute  is  injected  at 
the  arbitrary  rate  G(t)  the  amount  at  time  t  is  G*F  where  the  *  denotes  the 

t 
operation  of  convolution  G*F  =  /  G(e)F(t-0)de.  Thus  for  the  two  modes  of 

o 
administration  the  amounts,  or  body-burdens,  are  Ri  =  qF(t)  and  Kq  -   G*F.  Kow 
the  exposures,  or  radiation  doses  in  the  case  of  radio-active  solutes,  are 
l*Ri  =  Di  and  1*G*F  =  Da  respectively  and  the  amounts  administered  are  q  =  a^ 
and  1*G  =  b.^.   respectively.  It  has  been  sho'i'm  that  for  any  non-negative  G(t), 

El  >  Ei  >  Ri 

Da    a2    Ra 

This  theorem  answers  all  questions  of  the  kind  (which  have  obvious  application 
in  radiation  dose  problems  but  also  broader  interest  in  metabolizing  systems); 
At  the  time  of  equal  burdens  what  is  the  relation  between  relative  doses  and 
amounts?;  at  equal  doses  what  is  the  relation  between  relative  burdens  and 
amounts?;  etc.  The  proof  hinges  on  several  lemmas  regarding  inequalities  among 
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convolution  integrals  which  are  of  some  mathematical  interest  and  use  in  them- 
selves, 

^4-.  Uniqueness  problems:  Within  the  "broad  frame  of  this  project, 
involving  boundary-value  problems  as  it  does,  the  question  of  the  uniqueness 
of  the  solution  of  a  partial  differential  system  is  of  considerable  theoretical 
and  applied  interest.  This  study  has  been  broadened  to  include  some  uniqueness 
problems  posed  by  colleagues  (Dr.  ¥.  Rail,  IIIAl-lD,  Dr,  J.  Blum,  WHi),  A  unique- 
ness proof  has  been  obtained  for  a  rather  general  matrix-vector  partial  differ- 
ential system  which  includes  as  special  cases  diffusion-reaction  systems,  cer-' 
tain  electrostatic  problems  of  interest  in  neurophysiology  and  certain  aniso- 
tropic cases  of  transport. 

5.  Collaborative  efforts  and  consulting:  In  behalf  of  Dr.  J. 
Stephenson,  IIHI  the  follomng  theorem  has  been  proved.  Given  an  arbitrary 
matrix  A,  for  which  r  and  C  are  the  maximal  sum  of  absolute  values  of  the 
elements  in  any  row  or  column  respectively,  then  for  any  eigen-value  A  it  is 
true  that  modulus  (A)  <  r,  modulus  (A)  <  C.  In  Dr.  Stephenson's  case  this 
guarantees  the  existence  of  (l-A)   which  is  a  critical  step  in  his  investiga- 
tion of  integral  equations  for  transport  processes.  In  collaboration  with 
Drs.  K,  R.  Shulman  and  T.  Bithell  (NIAIO,  I€)B,  Hematology  Div.)  calculations 
have  been  made  of  the  free  calciiom  and  magnesium  in  blood  in  the  presence  of 
complexing  agents  (oxalate,  citrate,  EDTA),  The  formulation  Involves  the  com- 
peting equilibria  due  to  binding  of  Ca  and  Mg  by  proteins  and  by  the  agent  in 
question  and  in  the  case  of  oxalate  the  limited  solubility  of  Ca-oxalate  and 
Mg-oxalate ,  The  mathematical  system  involves  eight  non-linear  equations  in 
eight  variables  and  iterative  techniques  have  been  developed,  proved  to  con- 
verge and  in  fact  adapted  to  hand  calculation.  Various  "small-type"  problems 
were  solved  and  mathematical  aid  given  to:  Dr.  H.  Varon,  CP,  CC,  statistical 
analysis;  Dr.  W.  Bowen,  NIAI'D,  fitting  problem  and  significance  tests; 
Dr.  E.  Kempner,  significance  tests;  Dr.  ¥.  F.  Harrington,  MI,  double  integral  . 
of  statistical  distribution;  Drs.  R.  Podolslcy  and  K.  Shapiro,  Naval  Medical 
Research  Institute  and  DRS,  consultation  on  kinetic  problems;  Dr.  C.  Patlak, 
consultation  on  mathematics  and  active  transport;  Dr,  J.  Blxim,  consultation 
on  boundary  value  problems;  Dr,  D.  Ailing,  IJIAID,  consultation  on  system  of 
algebraic  equations. 
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Project  Description: 

QTpjectives: 

(1)  To  develop  explicit  mathematical  formulations  of  various 
neurophysiological  hypotheses. 

(2)  To  elaborate  theoretical  predictions  that  are  well  suited  for 
experimental  testing. 

(5)  To  analyse  and  reassess  certain  current  neurophysiological  con- 
cepts involving  simultaneous  consideration  of  three  different  kinds  of  infor- 
mation (a)  neuroanatomical  data,  (h)  electrophysiological  data,  as  well  as 
(c)  a  mathematical  formulation  of  their  interdependence. 

(h)     To  contribute  to  the  interpretation  and  the  design  of  some  of 
the  experiments  conducted  by  neurophysiological  colleagues  at  WIH. 

Methods  employed:  The  neurophysiological  problem  must  be  reduced  to 
its  essentials  and  then  be  formulated  mathematically.  Typically,  this  formula- 
tion is  a  partial  differential  equation  that  must  be  solved  for  a  variety  of 
boundary  and  initial  conditions.  Some  solutions  have  been  obtained  by  means  of 
the  Laplace  trains format ion;  others  have  been  obtained  by  means  of  infinite 
series  of  orthogonal  functions  as  in  classical  potential  theory.  On  one  hand, 
the  theoretical  results  are  sought  in  a  very  general  form  that  is  relevant  to 
all  types  of  neurons.  On  the  other  hand,  specific  quantitative  applications 
are  elaborated  for  the  particular  experimental  measurements  that  are  available 
for  cat  motoneurons.  \>7herever  possible,  general  neurophysiological  implications 
of  these  qualitative  results  are  assessed.  Use  of  the  IBM-65O  computer  has 
greatly  facilitated  some  of  the  numerical  calculations, 

I-feijor  Findings  and  Significance: 

1.  Mathematical  solutions  have  been  obtained  for  the  field  of 
electric  potential  to  be  expected  inside  and  outside  an  idealized  neuron 
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consisting  of  a  spherical  soma  and  several  cylindrical  dendrites,  for  various 
distributions  of  membrane  current.  A  derivation  of  these  theoretical  results 
is  being  prepared  for  publication  together  with  several  illustrations  eind 
applications  of  specific  neurophysiological  interest. 

2.  Together  with  I-lr.  Ezra  Shahn,  and  with  the  summer  help  of  Mrs, 
Jeanne  Altmann^  extensive  numerical  calculations  of  neuronal  fields  were  car- 
ried out  on  the  IBM  65O,  lie   calculated  several  related  fields  for  a  particular 
case  of  a  neuron  with  seven  asymmetrically  placed  dendrites.  We  used  the  com-  - 
puter  to  obtain  the  isopotential  surfaces  associated  with  these  fields,  and 
have  produced  several  detailed  graphs  and  pictorial  representations  of  these 
numerical  results.  The  particular  fields  we  calculated  were  intended  to  corre- 
spond in  a  formal  -iiay  to  the  conditions  that  are  assumed  to  exist  (according 
to  current  hypotheses)  during  a  motoneuron  action  potential  at  two  points  in 
time:  the  instant  when  the  "A- spike"  component  of  the  intra- somatically 
recorded  action  potential  reaches  its  maximum,  and  the  later  instant  when  the 
"B-spike"  component  reaches  its  maximiim.  These  are  specifically  relevant  to 
the  next  section. 

5.  Consultations  iri.th  Drs.  K.  Frank  and  P.  G.  Nelson  (NIiroB)  on  the 
design  and  interpretation  of  their  microelectrode  recording  of  the  extracellular 
potential  field  around  a  single  active  motoneuron  in  cat  spinal  cord.  Prelim- 
inary comparisons  of  their  experimental  results  with  the  theoretical -results 
above  indicate  good  agreement,  to  at  least  a  first  approximation,  in  certain 
quantitative  characteristics.  More  comprehensive  comparisons,  still  to  be 
carried  out,  may  yield  valuable  information  about  the  distribution  of  membrane 
activity  over  the  surface  of  these  neurons:  this  distribution  has  been  a  sub- 
ject of  active  discussion  and  controversy. 

k.     It  is  noteworthy  that  the  detailed  numerical  calculations  of  (2) 
above  yield  results  of  broad  qualitative  significance  for  the  interpretation 
of  experimental  neurophysiological  recordings.  Thus,  for  example,  these  calcu- 
lations have  verified  and  provided  a  detailed  basis  for  an  important  qualitative 
insight  that  was  presented  in  19^7  '^Y   Lorente  de  No.  This  result  can  be  stated: 
during  the  flow  of  electric  current  from  several  passive  dendrites  to  an  active 
soma,  the  extracellular  potential  is  negative  (relative  to  distant  points) 
everyvrhere  that  it  is  not  negligibly  small,  provided  that  there  is  a  reasonably 
symmetric  arrangement  of  the  dendrites.  The  fact  that  so  many  leading  neuro- 
physiologists  have  been  ass\imlng  otheCTd.se  in  their  intuitive  interpretations 
of  their  data  is  presumably  due  to  their  failure  to  appreciate  the  follo\d.ng 
quantitative  fact:  the  positive  potential  they  expected  to  find  in  the  vicinity 
of  the  dendrites  is  "diluted"  over  such  a  large  volume,  that  its  theoretically 
calculated,  magnitude  lies  \rithin  the  noise  level  of  the  recording  system.  It 
can  reasonably  be  expected  that,  once  assimilated,  such  results  will  have  a 
significant  effect  upon  intuitive  neurophysiological  thinking, 

5.  The  mathem.atical  treatment  of  the  neurophysiological  implications 
of  the  spread  of  electric  current  between  a  neuron  soma  and  branching  dendritic 
trees  have  been  presented  in  two  recent  publications  (November  1959  and 
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November  I96O  in  Experimental  Neurology),  The  first  of  these  dealt  primarily 
vith  steady  state  considerations  and  mth  the  significance  of  dendritic 
dimensions.  The  second  deals  primarily  vith  transients  of  membrane  potential 
and  i-Tith  the  interpretation  of  experiments  intended  to  determine  the  membrane 
time  constant  and  to  elucidate  the  synaptic  potential,  \ra.en   the  most  recent 
published  experimental  results  for  cat  motoneurons  are  analysed  A^ith  the  aid 
of  these  theoretical  formulations,  the  results  reaffirm  the  approximate  validity 
of  the  older  (19U6-I956)  simple  concept  of  the  synaptic  potential;  they  cast 
serious  doubt  upon  the  necessity  and  validity  of  several  complicating  hypotheses 
that  vere  recently  introduced  on  the  basis  of  these  same  experiments.  Although 
much  of  this  paper  is  devoted  to  the  specific  case  of  existing  data  from  cat 
motoneurons,  the  theoretical  results  are  given  in  a  general  form  and  are  rele- 
vant to  a  number  of  experiments  that  have  not  yet  been  performed. 

Proposed  course :  Current  results  have  raised  further  questions. 
Work  mil  continue  along  the  same  general  lines. 


Bart  B  included, 
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Rail,  W. :  Membrane  potential  transients  and  membrane  time  constant  of 
motoneurons.  Experimental  Neurology  2;  505-552  (196O). 

International  I^nel:  Invited  to  become  a  member 'of  the  Panel  devoted 

to  Weuro-communi cations  and  Biophysics",  of  the  International  Brain 
Research  Organization  (IBRO)  being  established  by  the  Council  for 
International  Organizations  of  Medical  Sciences  (C  I  0  M  S  )  under 
auspices  of  WHO  and  UlffiSCO.  
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Project  Title:  Mathematical  study  of  problems  of  visual  perception 

Investigator:  Rosalind  B.  Marimont 

Man  Years:  Total:  Approximately  I/6.  Five  months  part  time  at 
approximately  kO   percent  of  full  time. 

Objectives :  To  study  problems  of  visual  perception,  in  particular  color 
vision  and  pattern  recognition  from  the  vie-iv-point  of  mathematics,  physics,  and 
the  logical  design  of  electronic  computers  which  attempt  to  duplicate  some  of 
these  functions.  The  problem  now  being  studied  is  that  of  color  vision,  which 
has  been  described  as  a  happy  hunting  ground  for  theorists,  in  that  most  of  the 
fundamental  questions  are  still  \manswered.  Apparently  different  theories  are 
necessary  to  explain  various  phenomena.  There  are  however  certain  basic 
experimental  findings,  embodied  in  the  fundamental  laws  of  color  vision,  which 
must  be  logical  consequences  of  any  valid  theory,  vrhile  most  proposed  theories 
contain  assumptions  to  ensure  compliauice  with  these  laws,  the  question  of  neces- 
sary conditions  has  apparently  not  been  completely  solved,  i.e.,  the  sufficient 
assumptions  may  be  overly  restrictive. 

Recent  experimental  results  show  that  these  fundamental  laws  hold  only 
approximately,  so  that  certain  relaxations  of  the  necessary  and  sufficient 
conditions  are  required  to  explain  the  observed  behavior.  An  attempt  -vdll  be 
made  to  deterroine  the  forraal  and  mathematical  nature  of  these  corrections,  and 
to  seek  physical  structures  that  might  account  for  them.  To  svim  up,  these 
objectives  may  be  listed  for  the  study  of  color  vision, 

1,  Mathematical  treatment  of  the  laws  of  color  vision,  including 
derivation  of  the  necessary  and  sufficient  conditions  required  by  them, 

2,  Study  of  experimental  results  to  ascertain  the  nature  and  extent 
of  deviations  from  these  laws, 

5,  Ilathematical  treatment  of  the  deviations,  and  search  for  physical 
elements  that  account  for  them. 

Findings : 

Grassman's  set  of  three  laws  and  Abney's  law  have  been  found  to  be 
expressions  of  a  property  which  may  be  described  as  quasi -additivity.  This 
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property  asserts  that  if  ire  have  four  lights,  Lx,   Lg,  L3  and  L4,  and  if  Li 
matches  Lq,   and  L3  matches  L4,  then  the  sum  (mixture)  of  Li  and  L3  mil  match 
the  sum  of  L2  and  L4.  If  hy  "match"  we  mean  appear  identical  in  all  attributes, 
i.e.  hue,  saturation,  and  brightness,  then  the  above  statement  implies  all  of 
Grassman's  laws.  If  we  use  ''match"  to  mean  match  in  brightness  alone,  then 
Abney's  law  is  stated. 

The  aid  of  Dr.  Norman  Shapiro  has  been  enlisted  for  the  first  of  the 
above  objectives.  Preliminary  results  on  Abney's  law  indicate  that  brightness 
must  be  expressible  as  a  one-to-one  function  of  a  linear  operator.  The  conven- 
tional model  of  one  or  more  visual  plgraents  mth  fixed  spectral  absorption 
characteristics,  independent  of  the  nature  of  the  light  impinging,  and  T-ath 
the  generq,ted  nerve  impulse  either  a  logarithmic  or  power  function  of  the 
intensity  of  incident  light  is  an  example  of  such  a  system.  The  more  general 
problem  of  Grassman's  laws  is  now  being  studied. 

Recent  experimental  evidence  shows  that  there  are  significant  devia- 
tions from  both  these  laws.  Russian  studies  of  Abney's  law  shows  large  dis- 
crepancies in  the  short  wave  region  of  the  spectrum.  Other  studies  indicate 
deviations  everyi-rhere,  if  the  method  of  brightness  matching  is  used,  but  good 
agreement  if  flicker  methods  are  used.  These  results  will  require  careful  study. 

On  the  third  phase,  i.e.  physical  structures  which  might  account  for 
the  discrepancies,  the  configuration  of  the  outer  limbs  of  the  photoreceptors 
suggests  itself  to  the  physicist  as  a  possible  source  of  unexpected  effects. 
The  small  diameter  of  these  structures — only  about  2  or  3  wavelengths  indicates 
that  light  would  be  propagated  by  means  of  wave  guide  modes  of  transmission 
rather  than  by  straight  lines.  Experimental  and  theoretical  studies  of  propa- 
gation in  glass  fibers  of  similar  diameter  show  also  a  rather  surprizing 
coupling  between  adjacent  fibers.  The  laminated  structure  of  the  limbs  might 
also  have  some  frequency  selective  effect.  'VJhether  these  effects  are  major 
or  minor  cannot  be  determined  until  the  quantitative  relationships  are  explored. 

Proposed  course :  Direction  of  future  work  is  indicated  in  the  discussion 
of  findings,  and  may  be  sujnraarized  as  further  pursuit  of  the  three  objectives 
listed  above. 
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Project  Title:  Analysis  of  Kinetics  Data 

Principal  Investigator:  Mones  Herman 

Other  Investigators:  Ezra  Shahn  and  I^ferjory  Weiss 

Ifeji  Years :  Total :        2       . 
Professional:  1 
Other:        1 

Project  Description: 

Objective:  The  objective  of  this  project  is  to  develop  a  mathematical 
and  computational  methodology  for  the  systematic  ainalysis  and  interpretation 
of  experimental  data  on  biological  systems.  The  methods  under  development  are 
intended  to  provide  a  rationale  for  how  to  select  appropriate  physiological 
models  to  fit  the  experimental  data  and  how  to  solve  for  the  parameters  of  the 
chosen  model.  It  is  also  intended  to  program  the  procedures  developed  for 
routine  use  on  computers  and  make  them  available  to  other  investigators. 

Methods  employed: 

(1)  Ife-themati cal  Theory.  The  development  of  a  theoretical  basis 
for  the  procedures  of  analysis  to  be  used.  This  includes  theory  for  model 
evolution  and  data  fitting. 

(2)  Digital  Computer.  A  general  computer  program  has  been  -i-rritten 
for  fitting  models  to  experimental  data.  The  program  can  handle  a  variety  of 
models  and  is  sufficiently  flexible,  to  take  experimental  data  directly. 

I-fejor  Findings: 

(1)  The  program  originally  developed  for  isotope  tracer  kinetics 
was  generalized  to  be  adaptable  to  non-linear  Mnetics  as  well  as  to  other 
types  of  models.  The  program  A-ras  also  further  expanded  to  include  dependences 
between  model  parameters. 

(2)  Application  of  the  program  to  various  problems  has  been 
extended.  These  include 

a.  Farther  studies  on  C^*  labeled  glucose  with  Dr.  S.  Segal 
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of  the  Clinical  Endocrinology  Division,  NIAJ©, 

b.  Thyroxine  and  Trllodothyroxlne  kinetics  in  normals  vlth 
Dr.  H,  Haddad,  NIMH. 

c.  Assistance  to  a  number  of  investigators  in  formulating 
their  problem  and/or  analysis  of  their  data: 


S.  Wollman,  NCI 
D.  Steinberg,  NHI 
J.  Davl'S.,  NHI 
M.  Elkind,  NCI 
C.  G,  Bauer,  Streden 


Significance  to  the  program  of  the  Institute:  A  great  deal  of  the 
work  done  at  KIH  requires  analysis  of  data  and  their  interpretation  in  terms 
of  models.  At  present  this  is  an  art  greatly  limited  by  difficulties  due  to 
the  complexities  of  the  systems  studied.  It  is  hoped  that  the  methods  developed 
here  vill  enable  investigators  to  study  more  complex  systems,  extract  more 
information  from  their  data  and  have  a  measure  of  confidence  for  the  models 
they  propose. 

Proposed  course  of  project:  The  development  of  mathematics  for  the 
formulation  of  biological  models  and  the  analysis  and  Interpretation  of  data 
will  continue.  Computer  prograjnmlng  for  routine  application  will  also  be 
pursued. 


Part  B  included  -        . 
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Publications:   


1.  Berman,  M.,  Shahn,  E.,   Problems  in  the  Mechanization  of 

Isotope  Tracer  Data  Analysis.  Medical  Research  Seminar 
Proceedings,  IBM,  Poughkeepsie,  N.  Y.,  Jiine  1959. 

2.  Berman,  M.  and  Schoenfeld,  R.  L.  A  Note  on  Unique  Models 

in  Tracer  Kinetics.  Experimental  Cell  Research  20,  59^-8, 
i960.  — 

5.  Brauer,  E.  ¥.,  Kopf,  A.  W.,  Witten,  V.  H.,  Berman,  M,  and 

Cave,  V.  G.  Radioactive  Phosphorus  in  the  in  Vivo  Diagnosis 
of  Melanoma  of  the  Skin.  Jr.  Am.  Med.  Assoc., ~T72,  No  I6, 
159/1753  -  li^Vl758,  i960. 
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Project  Title:  Study  of  iodine  kinetics  in  the  thyroid  system  and 
radioiodine  treatment  of  thyroid  ahnormalities , 

Principal  Investigator:  Mones  Herman 

Other  Investigators :  Charles  Lewallen        David  Becker , 

Richard  Benua  I-fe,rtin  Sonenberg 

Cooperating  Units:  Clinical  Endocrinology  Branch 
NIAMD 

New  York  Hospital,  Hew  York 
Sloan  Kettering  Institute,  New  York 

Ifen  Years:  Total:  l/2 

Professional:  1 
Other:  l/2 

Project  Description: 

Objective :  The  objective  of  this  project  is  to  develop  a  general 
model  for  the  kinetics  of  iodine  in  the  thyroid  system  that  will  explain  the 
various  thyroid  disorders  found  in  patients  and  that  will  quantitatively 
agree  with  the  various  experimental  data  collected  on  these  patients.  It  is 
also  the  purpose  of  this  project  to  study  the  sites  of  action  of  radio- 
iodine  when  used  for  therapy  and  the  changes  in  iodine  turn-over  rates 
produced  by  radiation,  drugs  and  hypophysectomy. 

Methods  employed:  I^tients  having  various  thyroid  abnormalities 
have  been  studied.  Kinetic  studies  using  radioiodine  have  been  made  on  these 
patients  over  periods  up  to  about  2  years.  These  include  studies  before  and 
after  treatment  of  the  patients.  The  kinetic  studies  involve  measurements  of 
radioactivity  in  blood  PBI,  thyroid,  urine  at  various  times  after  a  tracer 
amount  is  administered  to  the  patient.  From  the  collected  data  calculations 
are  made  of  the  turn-over  rate  of  iodine  from  iodide  to  organically  bound 
iodine  in  the  thyroid,  the  secretion  and  degradation  rates  of  thyroid  hormone 
and  other  variables. 

Application  of  mathematical  models  and  computers  to  the  analysis  of 
the  data  is  made  in  an  effort  to  demonstrate  if  the  models  used  are  consistent 
vTith  the  data  and  to  derive  measures  of  uncertainty  for  the  constants  of  the 
models , 

Major  Findings:  The  computational  methodology  for  the  analysis  of 
the  data  was  sufficiently  developed  to  permit  the  testing  of  models.  It  was 
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found  that  when  extensive  data  were  available  the  conventional  models  vere 
inadequate  to  explain  the  data.  More  complex  models  compatible  vith  the  data 
were  derived.  These  models  brought  up  alternatives  that  could  not  be  resolved 
•vTithout  additional  experiments  or  more  complex  data  processing.  Additional 
experiments  were  perfomed  in  collaboration  mth  Dr.  Heskel  Iladdad  on  the 
metabolism  of  Thyroxine  and  Triiodothyroxine  in  normals.  Analysis  of  these 
permitted  a  better  definition  for  this  phase  of  iodine  kinetics  than  \ra,s 
possible  previously.  Computational  methods  have  also  been  developed  to  permit 
a  more  comprehensive  analysis  of  the  original  data. 

Significance  of  program:  Since  the  thyroid  is  a  most  important 
organ  in  the  regulation  of  physiological  processes,  its  detailed  modes  of 
action  are  of  interest  for  understanding  the  thyroid  as  well  as  other  metabolic 
systems  in  the  body.  Furthermore,  the  development  of  an  analytical  proced-ure 
to  treat  the  homeostatic  mechanism  of  the  thyroid  may  also  be  applicable  to 
other  homeostatic  mechanisms  in  the  body. 

Proposed  course  of  project:  Analysis  of  the  data  vrill  continue. 
Models  \rill   be  derived  and  tested  to  penult  reasonable  quantification  of 
differences  between  normal  and  abnormal  states  in  the  metabolism  of  iodine 


I^rt  B  included, 
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Berman,  M.  Application  of  Differential  Equations  to  the  Study  of  the 
Thyroid  System.  Proc.  of  the  Hh  Symp.  of  Mathematical  Statistics 
and  Probability,  University  of  California,  July  I96O,  In  press. 
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THE  ANNUAL  REPORT  OF  THE  SCIENTIFIC  DIRECTOR 

The  National  Institute  of  Arthritis  and  Metabolic  Diseases 

Calendar  Year  I96O 

by 
Dr.  DeWitt  Stetten,  Jr. 


INTRODUCTORY  COMMENTS 

During  the  coming  calendar  year,  NIAMD  will  attain  its 
tenth  birthday.   The  intramural  structure  has  completed  a  period 
of  growth,  which  despite  occasional  growing  pains,  has  been  in 
the  main  satisfying  to  its  personnel  and  productive  of  good 
science.   Both  the  pains  and  the  science  have  been  reviewed  in 
earlier  issues  of  this  annual  report. 

We  now  look  forward  toward  an  era  of  limited  physical 
growth.   The  laboratory  and  clinic  space  assigned  to  us  is  ap- 
proximately saturated  with  men,  with  machines  or  with  both. 
Indeed,  in  some  areas  the  degree  of  crowding  is  such  as  to 
interfere  with  highest  production.   We  can  anticipate  at  this 
time  but  one  increment  in  our  space  allotment,  that  portion  of 
Building  2  currently  occupied  by  The  National  Institute  for 
Dental  Research.   The  intended  disposition  of  this  space  will  be 
considered  subsequently. 

The  fact  that  the  limitation  of  physical  space  is  now  in 
sight  and  that  a  limitation  in  personnel  must  Inevitably  follow 
should  not,  of  course,  be  taken  to  Indicate  a  cessation  of 
scientific  and  Intellectual  development.   Indeed,  we  may  expect 
that  decline  in  architectural  and  personnel  distractions  will 
direct  an  increasing  fraction  of  our  cummulative  energy  toward 
our  prime  business  which  is  the  conduct  of  research. 

The  Role  of  Administration  in  an  Adult  Scientific  Institu- 
tion.-  Over  the  past  decade  the  administration  of  this  Institute 
has  been  largely  concerned  with  problems  of  new  recruitment, 
addition  and  fortification  of  sections  and  branches,  acquisition 
and  refurbishing  of  space,  and  purchase  of  the  essentials  of 
research  equipment.   Henceforward,  attention  will  have  to  be 
directed  chiefly  toward  replacement  of  lost  personnel  and  of 
obsolescent  equipment. 

It  is  our  belief  that  in  treating  with  excellent  scientists, 
the  best  administration  is  the  least  administration.   The  mandate 
presented  to  the  administrator  is  to  tempt  to  his  Institute 
research  leaders  of  the  very  highest  quality  available,  to  supply 
them  with  the  materials,  support  and  environment  for  optimal 
productivity,  and  then,  to  leave  them  alone.   The  only  important 
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control  which  administration  may  effectively  exert  over  the 
choice  of  areas  of  research  Is  In  the  selection  of  the  cilsDl- 
pllnes  In  which  senior  recruitment  Is  undertaken.   Thereafter, 
one  must  have  sufficient  confidence  In  the  scientist  selected  to 
place  In  his  hands  the  choice  of  what  experiments  he  shall  perform. 
If  he  has  been  properly  chosen,  he  will  be  best  qualified  to  make 
this  decision.   The  administrator  of  first-rate  scientists  has 
two  Important  responsibilities;  firstly,  to  resist  the  temptation 
to  meddle  In  the  science  of  his  staff,  and  secondly,  to  make  no 
compromise  with  quality. 

In  relation  to  the  latter  point,  the  accompanying  opinion 
Is  expressed  by  the  President's  Science  Advisory  Committee*: 
"In  the  advancement  of  science,  the  best  Is  vastly  more  Important 
than  the  next  best.   Mediocre  research  Is  generally  worse  than 

useless  It  Is  therefore  of  first  Importance  that 

national  support  should  aim  at  sustaining  and  reinforc- 
ing outstanding  work  wherever  It  may  be  found."* 

The  Marriage  of  Research  and  Education.-  A  recent  report 
on  scientific  progress  In  the  United  States*  contains  the  follow- 
ing statement:   "Yet  In  the  long  run  It  Is  dangerous  to  separate 
research  In  any  field  entirely  from  education.   If  a  research 
field  Is  to  be  attractive  to  good  young  men,  it  ordinarily  needs 
roots  In  the  universities.   The  pool  of  graduate  students  in  our 
universities  is  the  pool  from  which  the  scientists  of  the  future 
must  come.   Tlnese  young  people  do  not  easily  study  what  Is  not 
taught;  they  do  not  often  learn  the  meaning  of  research  which  does 
not  exist  in  their  environment.   A  scientific  field  which  has  no 
research  life  in  the  universities  is  at  a  grave  disadvantage  In 
recruiting  new  members.   As  learning  and  teaching  require  re- 
search, so  research.  In  the  end,  cannot  be  sustained  without 
teaching.   Hence  it  Is  always  Important  for  research  installations 
to  maintain  effective  connections  with  students." 

It  Is  the  thesis  of  this  report  that  basic  research  and 
graduate  education  go  best  together.   This  thesis  is  in  harmony 
with  what  many  of  us  believe.   It  has  been  our  hope  to  take  steps. 
Insofar  as  these  are  compatible  with  government  regulations,  to 
permit  scientists  in  this  Institute  to  reap  the  benefits  normally 
reserved  for  members  of  university  faculties.   Among  these  the 
following  may  be  listed: 


*Thls  quotation  and  the  one  which  follows  are  from  "Scientific 
Progress,  The  Universities  and  The  Federal  Government,"  State- 
ment by  The  President's  Science  Advisory  Committee,  The  White 
House,  Washington,  D.  C,  November  I96G. 
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1.  To  facilitate  access  by  the  scientist  staff  to  that 
most  valuable  and  Industrious  population  of  junior  Investigators, 
the  pre-  and  post-doctoral  fellows. 

2.  To  permit  to  our  scientists  the  continuous  rejuvenation 
which  comes  from  repeated  exposure  of  an  aging  faculty  to  class 
after  class  of  fresh  and  refreshing  youngsters. 

3.  To  gratify^  for  those  who  need  such  gratification,  the 
achievement  of  that  "immortality"  which  derives  from  seeing  one's 
teachings  transmitted  to  succeeding  generations  of  scientists. 

These  and  other  related  goals  must  be  attained  if  NIAMD  is 
to  remain  a  most  attractive  environment  for  our  most  productive 
scientists.   To  this  end  NIAMD  has  participated  actively  in  all 
ventures  in  and  about  Bethesda  relating  to  the  teaching- learning 
function.   The  research  Associate  program  is  blossoming  and  in 
our  Institute  eight  such  Associates  are  presently  housed,  a  new 
class  of  four  being  admitted  each  July.   This  program  has 
attracted  wide  and  favorable  attention  in  the  best  teaching 
hospitals  and  medical  schools  and  the  number  of  applicants  each 
year  is  burgeoning.   The  courses  sponsored  by  the  Graduate  S,chool 
of  the  U.  S.  Department  of  Agriculture  at  NIH  also  continue  to 
grow  in  enrollment.   NIAMD  participates  by  supplying  both  students 
and  teachers  in  this  unusual  educational  adventure.   In  addition, 
members  of  our  scientist  staff  offer  courses  at  local  universities 
and  sponsor  at  Bethesda  Ph.D.  candidates  enrolled  in  these  schools. 
All  these  arrangements,  though  less  than  ideal,  serve  to  satisfy, 
to  some  extent,  the  goals  mentioned  above.  .Various  categories  of 
summer  students  have  also  been  accommodated. 

The  Laboratory  of  Molecular  Biology.-  The  last  opportunity 
presently  in  sight  for  physical  expansion  stems  from  the  move, 
expected  about  April  I961,  of  NIDR  from  laboratories  in  Building 
2  into  Building  30.   We  take  this  opportunity  to  wish  success  to 
our  good  neighbors  in  their  new  quarters.   Our  Laboratory  of 
Physical  Biology  has  been  badly  overcrowded  in  approximately  one- 
half  of  1  the  total  space  in  Building  2  and  a  moderate  expansion  of 
the  facilities  of  this  laboratory  will  take  place.   Certain 
activities  of  this  laboratory  whidh  have  in  the  past  been  housed 
at  the  Naval  Medical  Research  Institute  will  be  transferred  into 
Building  2. 

All  the  remaining  space  in  this  building  will  be  used  to 
house  a  newly  assembled  group,  to  be  called  The  Laboratory  of   _ 
Molecular  Biology.   Ultimately,  five  Sections  are  envisioned, 
tentatively  to  be  named  Metabolic  Enzymes,  Chemical  Genetics, 
Physical  Chemistry,  Molecular  Structure  and  Microbial  Genetics. 
Two  of  these  five  sections  will  represent  groups  presently  in 
other  Laboratories  of  our  Institute  who  will  move  and  expand  in  a 
new  environment.   Section  Chiefs  for  two  of  the  remaining  three 
groups  have  been  recruited  and  active  steps  are  under  way  in  the 
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filling  of  the  remaining  vacancy. 

The  guiding  philosophy  In  the  staffing  of  this  new  labora- 
tory has  been  to  collect  a  group  of  outstandings  energetic  and 
enthusiastic  Investigators  with  common  goals  but  diverse  technical 
backgrounds.   All  the  groups  will  have  interests  in  and  about  the 
biological  role  of  macromolecules  such  as  nucleic  acids  and 
proteins.   They  will  all  be  concerned^  more  or  less,  with  the 
biogenesis,  structure  and  function  of  these  molecular  species. 
They  will  bring  to  this  Interest  the  skills  and  ideas  of  the 
crystallographer,  the  spectroscopist,  the  enzymologlst,  the 
geneticist  and  others.   It  is  hoped  and  expected  that  the  inter- 
change of  ideas  among  these  groups  of  investigators  will  result 
in  a  whole  which  is  far  greater  than  the  algebraic  sum  of  its 
parts. 

Organizational  Matters.-  The  retirement  of  Dr.  Ralph  Llllie 
required  a  review  of  the  Laboratory  of  Pathology  and  Histochemistry 
which  he  had  headed  for  many  years.   Dr.  L.  L.  Ashburn  was  per- 
suaded to  become  the  new  Chief  of  the  Laboratory,  assisted  by 
Dr.  Gert  Laqueur.   To  accommodate  the  needs  of  the  several 
scientists,  sections  were  rearranged  and  Section  Chiefs  were 
designated  as  follows:   Dr.  Spicer,  Biophysical  Histology; 
Dr.  Highman,  Pathologic  Anatomy;  Dr.  Brecher,  Hematology; 
Dr.  Glenner,  Histochemistry;  Dr.  Sokoloff,  Rheumatic  Diseases. 

The  retirement  of  Dr.  Nathan  Eddy  deprived  the  Section  on  " 
Analgesics  of  the  Laboratory  of  Chemistry  of  its  Chief.   Happily, 
Dr.  Everett  May,  long  associated  with  Dr.  Eddy,  will  serve  as 
Chief  of  the  section,  renamed  Section  on  Medicinal  Chemistry. 

The  Pediatric  Metabolism  Branch  under  Dr.  Paul  dl 
Sant'Agnese  is  now  well  launched.   This  clinical  branch  has  found 
common  research  interests  with  several  of  our  basic  science 
laboratories  and  its  members  have  entered  upon  a  number  of  inter- 
esting collaborative  ventures. 

A  number  of  distinguished  Visiting  Scientists  have  come  to 
NIAMD  during  the  past  year.   Dr.  E.  G.  L.  Bywaters  of  London 
spent  three  m:onths  working  with  members  of  the  Arthritis  and 
Rheumatism  Branch.   Dr.  Ephraim  Racker  of  New  York  visited  for 
several  months  with  members  of  the  Laboratory  of  Biochemistry 
and  Metabolism,  where  the  influence  of  his  vast  knowledge  and 
find  critical  Judgement  was  greatly  appreciated.   In  the  same 
laboratory.  Dr.  Ernst  Simon  of  Rehovot,  Israel,  has  spent  a  year 
in  many -active  collaborations  with  various  members  of  NIAMD  in 
and  about  his  own  research  interests.   Dr.  Hln  Tjio  of  Saragossa, 
Spain  has  been  working  in  the  Laboratory  of  Pathology  and  Histo- 
chemistry.  His  unique  contributions  in  the  area  of  chromosome 
anatomy  have  brought  to  him  many  consultations  and  proposed 
collaborations . 


Intramural  scientists  have  also  participated  in  a  variety 
of  extracurricular  functions.   Among  these  may  be  mentioned 
Dr.  Bunlm's  delivery  of  the  Heberden  Oration  and  Dr.  Heppel's 
presentation  of  the  10th  N.I.H.  Lecture. 

LABORATORY  OF  NUTRITION  AND  ENDOCRINOLOGY 

Tlie  primary  emphasis  of  the  work  in  the  laboratory  is 
directed  toward  the  elucidation  of  the  mode  of  action  of  nutrients 
and  hormones.   To  this  end  intact  animals  are  intensively  studied 
to  determine  the  effect  that  dietary  or  environmental  factors  may 
have  on  the  animals'  physiological  economy.   At  the  termination 
of  these  studies^  a  variety  of  tissues  are  examined  biochemically 
or  histologically  to  secure  a  more  exact  description  of  the  role 
played  by  nutrients  and  hormones.   It  is  anticipated  that  these 
studies  will  also  provide  clues  and  suggest  additional  investi- 
gations for  those  scientists  who  are  Interested  in  the  more 
restricted  areas  of  biochemistry  or  physiology. 

During  the  past  year,  the  laboratory  has  Increased  its 
efforts  in  the  field  of  biochemistry.   Because  of  the  large  amount 
of  biochemical  work  being  done  on  each  animal,  there  has  been  a 
reduction  in  the  space  devoted  to  the  care  of  the  animals  and  an 
accompanying  increase  in  laboratory  area. 

NUTRITION 

Vitamin  E  and  Factor  3«-  Shortly  after  vitamin  E  was  first 
reported  as  an  essential  nutrient  for  normal  reproduction  of  rats, 
this  vitamin  became  the  center  of  a  controversy.   A  niomber  of 
investigators  claimed  that  some  animal  species  did  not  require 
the  vitamin  at  all.   Later,  other  workers  showed  that  the  functions 
ascribed  to  vitamin  E  could  be  assumed  by  a  variety  of  compounds 
all  of  which  were  effective  antioxidants.   Although  somewhat 
abated,  the  controversy  still  continues  with  the  arena  reduced 
from  the  Intact  animal  to  individual  tissues  or  cellular  compon- 
ents. 

A  few  years  ago.  Dr.  John  G.  Bierl  showed  that  chicks  could 
be  raised  to  adulthood  and  could  produce  fertile  eggs  when  fed  a 
diet  devoid  of  any  detectable  vitamin  E.   After  a  year  on  the 
deficient  diet,  the  tissues  of  the  birds  contained  no  vitamin  E 
as  shown  by  analysis.   In  continuing  this  work.  Dr.  Bierl  devel- 
oped an  in  vitro  test  system  using  the  auto-oxidation  of  liver 
cell  mitochondria  as  an  index  of  tissue  vitamin  E  diflclency. 
The  lipids  in  mitochondria  from  vitamin  E-depleted  animals  readily 
auto-oxidize  whereas  mitochondrial  lipids  from  animals  fed  an 
ordinary  diet  containing  vitamin  E  do  not.   If  the  diet  is  devoid 
of  unsaturated  fats  and  vitamin  E  there  is  a  substantial  reduction 
in  peroxidation. 
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The  addition  of  vitamin  E  or  a  member  of  antioxidants 
directly  to  the  mitochondrial  system  reduces  the  peroxidation 
seen  in  the  in  vitro  test.   The  addition  of  seleniimi  or  cystine 
to  the  in  vitro  system  prepared  from  chick  livers  has  no  effect 
but  when  these  compounds  are  fed  to  the  animals^  their  liver, 
heart,  and  kidneys  showed  antioxidant  activity.   These  observa- 
tions suggest  that  when  selenii^m  or  cystine  are  fed,  the  chick 
forms  a  substance  which  functions  to  reduce  the  level  of 
peroxidation. 

The  chick  has  a  very  limited  capacity  to  store  the  bio- 
logically active  form  of  selenium  in  its  body.   This  was  shown  by 
Dr.  Bierl  when  he  fed  three  groups  of  day-old  chicks  different 
levels  of  selenliom  in  a  vitamin  E-free  diet  for  one  week.   At  the 
end  of  this  period,  the  selenl\;im  was  removed  from  the  diet.   All 
groups  developed  symptoms  of  a  combined  vitamin  E  and  selenium 
deficiency  at  approximately  the  same  time  regardless  of  the  level 
of  selenium  present  in  the  diet  during  the  one  week  feeding  period. 

Dr.  Bierl  has  concluded  from  his  own  work  and  that  of  other 
scientists  that  the  primary  function  of  vitamin  E  in  the  chick  is 
that  of  a  tissue  antioxidant.   This  vitamin  is  Important  in  this 
respect  not  only  in  reducing  the  oxidation  of  lipids  in  the  diet 
and  gastrointestinal  tract  but  in  the  tissues  of  the  animal  as 
well. 

In  the  course  of  the  above  work  an  analytical  method  was 
developed  for  chromatographically  separating  a-.tocopherol  from 
the  unsaponlfiable  fraction  of  animal  tissues.   By  this  means  as 
little  as  2  p,g.  of  a-tocopherol  can  be  detected.   The  procedure 
can  be  applied  to  0.4  gm.  of  tissue.   Ubiquinone  (or  coenzyme  Q) 
can  also  be  determined  by  this  method. 

In  January  1957j  Drs.  Klaus  Schwarz  and  Calvin  M.  Poltz 
showed  that  dietary  liver  necrosis  in  rats  could  be  prevented  or 
cured  by  adding  very  small  amounts  of  certain  Inorganic  selenium 
compounds  to  the  diet.   The  concentrates  of  Factor  3  prepared 
from  natural  products  contained  selenium  in  an  organic  form. 
Smaller  amounts  of  Factor  3  than  of  inorganic  selenium  were  re- 
quired in  the  diet  to  prevent  dietary  liver  necrosis.   A  variety 
of  organo- selenium  compounds  synthesized  by  Prof.  Arna  Predga  of 
the  University  of  Upsala  and  assayed  by  Dr.  Schwarz  indicated 
that  optimal  Factor  3  potency  occurred  in  di-seleno,  dibasic 
acids  containing  4  or  5  carbon  atoms.   The  straight  chain  com- 
pounds were  more  active  than  branched  chains.   The  di-seleno 
acids  are  converted  in  the  animal  to  seleninic  acids  before  they 
become  biologically  effective.   The  most  active  compound  is 
benzyl-^-monoselenovalerlc  acid  which  is  close  to  the  activity 
of  Factor  3. 
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In  an  attempt  to  determine  how  selenium  functions. 
Dr.  Florenze  Stlrpe  (Visiting  Scientist)  studied  the  Incorpor- 
ation of  Isotoplcally  labelled  valine  Into  the  tissues  of  rats 
maintained  on  the  necrosis-producing  ration  (Torula  yeast  ration). 
This  work  Indicated  that  the  rate  of  Incorporation  of  the  valine 
Into  protein  was  enhanced  In  the  animals  with  necrosis  but  It  was 
not  affected  by  dietary  supplements  of  liver  protective  substances 
such  as  Factor  3  or  vitamin  E.   The  Increase  of  amino  acid  uptake 
was  related  to  Increased  rate  of  protein  turnover  which  appears 
within  a  few  days  after  the  rats  are  put  on  the  Torula  yeast  diet. 

Work  by  Dr.  Trygve  Tuve  with  fresh  Baker's  yeast  showed 
that  the  cells  Incorporate  trace  amounts  of  radloselenlte  when 
Incubated  In  the  presence  of  glucose.   After  a  short  lag  period, 
the  cells  Incorporate  the  selenliim  at  a  steady  rate  which  depends 
upon  the  level  of  selenlte  In  the  mediiom.   Most  of  the  radioactive 
selenium  (92   to  9^  percent)  appeared  to  be  In  a  "protein-bound" 
fraction  (precipltable  with  trichloroacetic  acid).   Chromato-  ■ 
graphic  analysis  of  hydrolysates  of  this  fraction  showed  an 
organo selenium  compound  that  differs  from  the  selenium  compounds 
previously  found  in  proteins.   Fractionation  of  the  trichloro- 
acetic acid  soluble  material  of  the  cells  indicated  the  presence 
of  another  new  organo selenium  compound.   The  selenium  was  not 
present  as  an  analogue  of  cystine,  methionine,  gluthathione,  or 
selenium,  dl-,  or  tetra-cysteine.   The  two  unknown  compounds 
were  also  detected  in  rat  urine  following  an  injection  of  radlo- 
selenlum.   These  substances  were  also  present  in  the  trichloro- 
acetic acid  extracts  of  liver  and  kidney  homogenates. 

There  are  a  number  of  areas  in  the  world  including  the 
Pacific  Northwest  where  lambs  and  sheep  develop  white  muscle 
disease  resulting  in  large  economic  losses  to  the  farmers.   The 
addition  of  small  amounts  of  selenium  to  the  rations  fed  the 
pregnant  dams  in  these  areas  eliminated  the  difficulty.   Pasture 
grasses  from  the  Northwest  were  shown  by  Drs .  Schwarz  and  John  §. 
Schubert  (Guest  Worker)  to  contain  adequate  amounts  of  selenium, 
but  it  was  not  always  available  to  the  animal. 

In  previous  studies,  vitamin  E-deflcient  rat  liver  homogen- 
ates showed  a  marked  decline  in  the  rate  of  oxidation  of  a-keto- 
glutarate  and  succinate.   Work  during  the  past  year  by  Dr.  Laurence 
M.  Corwln  showed  that  the  same  is  true  for  fumarate,  malate, 
pyruvate  with  a  catalytic  amount  of  malate,  a-hydroxybutyrate, 
and  glutamate.   Vitamin  E-  when  added  either  to  the  diet  or  to 
the  Warburg  flask  completely  prevented  the  decline  In  the  rate  of 
oxidation  of  most  of  the  above  systems.   Compounds  such  as 
glutathione,  BAL  (British  anti-lewisite),  menadione,  N,N'- 
dlphenyl-p-phenylenedlamlne,  and  methylene  blue  which  maintained 
the  integrity  of  free  sulfhydryl  groups  were  also  effective  In ' 
overcoming  the  decline  in  oxidation.   The  effects  are  not  related 
to  auto-oxidation,  since  the  metabolic  impairment  can  be  prevented 

7  422 


by  levels  of  the  protective  compounds  which  are  not  effective  In 
preventing  peroxide  formation.   Additional  work  suggested  that 
tocopherol  shields  the  vicinal  dlthlol  groups  In  the  dehydro- 
genases and  other  sulfhydryl  groups  essential  for  enzyme  activity 
and  thus  spares  them  from  Inactlvatlon  by  Inhibitors  such  as 
cadmium  and  arsenlte.   Since  microsomes  are  required  for  decline 
to  occur,  the  nature  of  the  microsomal  agent  actively  precipitat- 
ing the  respiratory  decline  was  studied.   The  agent  in  the  micro- 
somes is  not  stable  to  boiling  nor  can  it  be  removed  by  EDTA 
( ethyl enedlamlnetetraacetlc  acid)  and  subsequent  dialysis. 

Folic  Acid.-  During  the  past  year  significant  progress  has 
been  made  in  the  isolation  of  the  folic  acid  derivative  that 
occurs  naturally  in  liver.   A  major  breakthrough  in  this  problem 
occurred  when  it  was  demonstrated  by  Drs.  John  Keresztesy  and 
Kenneth  0.  Donaldson  that  tetrahydrofolic  acid  could  be  enzy- 
matlcally  converted  to  the  prefollc  acid  form  as  evidenced  by 
chromatographic  and  microbiological  assay  (performed  under  the 
direction  of  Mr.  Howard  A.  Bakerman) .   The  enzymatic  system 
requires  a  reduced  diphosphopyrldine  nucleotide-menadione  reduc- 
tase system.   These  studies  indicate  that  this  prefollc  compound 
is  a  reduced  tetrahydrofolic  acid  derivative.   An  attempt  is  being 
made  to  Increase  the  scale  of  the  enzymatic  reaction  so  that 
sufficient  amounts  of  the  reduced  tetrahydrofolic  acid  can  be 
Isolated  and  identified. 

Although  the  folic  acid  activity  of  many  cells  and  tissues 
is  known,  very  little  information  is  available  about  the  different 
folic  acid  compounds  which  are  present  in  the  cells  and  tissues. 
Dr.  Milton  Silverman  has  developed  procedures  for  the  quantitative 
Identification  of  the  known  folic  acid-like  compounds.   With  these 
techniques.  Dr.  Silverman  has  shown  that  in  some  leukemic  cell 
lines  (with  Dr.  Lloyd  Law,  NCl)  the  major  folic  acid  form  is 
N-'-'-'-formyl tetrahydrofolic  acid  (80  percent).   The  other  components 
consist  of  small  amounts  of  N^-formyl tetrahydrofolic  acid  and 
unsubstltuted  tetrahydrofolic  acid.   In  contrast  to  the  situation 
in  the  tumor  cells,  the  liver  of  the  host  mouse  contains  primarily 
the  prefollc  acid  compound  being  studied  by  Drs.  Keresztesy  and 
Donaldson  with  small  amounts  of  the  tetrahydrofolic  acid  compounds 
mentioned  above.   These  results  suggest  that  the  functional  form 
of  folic  acid  in  the  tumor  cells  is  a  monoglutamate  derivative 
reduced  to  the  tetrahydro  level.   This  is  in  contrast  to  a 
generally  accepted  proposition  that  the  physiologically  active 
forms  of  folic  acid  exist  as  polyglutamates .   Similar  studies  are 
underway  on  several  bacterial  species.   This  work  (with 
Dr.  Bernard  T.  Kaufman  and  Mr.  Bakerman)  has  shown  that  these 
cells  not  only  contain  most  of  the  known  folic  acid  compounds  but 
also  several  derivatives  which  have  not  been  completely 
characterized. 
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In  the  presence  of  reduced  trlphosphopyrldine  nucleotide, 
folic  acid  Is  reduced  to  tetrahydrofollc  acid  by  a  protein 
fraction  from  chicken  liver.   NlO-formyl folic  acid  Is  also 
reduced  to  the  tetrahydro  level  by  chicken  liver  extracts.   How- 
ever, the  mechanisms  Involved  In  these  two  reductions  appear  to 
be  different.   Although  the  requirement  for  TPNH  (trlphospho- 
pyrldine nucleotide)  Is  common  to  both  systems,  the  reduction  of 
the  formylated  derivative  Is  stimulated  by  the  presence  of  free 
folic  acid  and  citrate  or  versene.   The  enzymatic  components 
Involved  In  the  reduction  of  N-'-'-'-formylfollc  acid  are  being 
purified  by  Drs.  Silverman  and  Kaufman. 

A  number  of  folic  acid  antagonists  have  been  used  In  the 
treatment  of  a  variety  of  diseases  and  In  studies  directed  toward 
the  elucidation  of  the  metabolic  function  of  folic  acid.   Dr.  Roy 
Klsliuk  (visiting  Scientist)  succeeded  in  reducing  some  of  the 
folic  acid  antagonists  (amlnopterin  and  amethopterin)  to  their 
tetrahydro  derivatives.   These  compounds  appear  more  closely 
related  to  the  active  form  of  the  vitamin  than  the  previously 
used  antagonists.   The  reduced  antagonists  proved  more  effective 
in  overcoming  the  activity  of  folic  acid  than  the  unreduced  forms 
both  in  bacterial  cells  and  in  .chicks  (Dr.  M.  R.  Splvey  Fox). 
These  results  with  the  observation  of  other  investigators  (that 
amlnopterin  and  amethopterin  can  be  reduced  by  cells)  suggest 
that  in  vivo  these  inhibitors  exert  their  effects  after  reduction 
to  the  tetrahydro  form. 

Vitamin  B-^^''   Previous  work  by  Dr.  Fox  showed  that  a 
severe  deficiency  of  vitamin  B]_2  could  be  produced  in  the  chick 
by  feeding  it  a  diet  high  in  fat,  low  in  methionine,  and  free  of 
the  vitamin.   The  deficient  chicks  exhibited  poor  growth  and  an 
impaired  metabolism  of  histidine'  as  shown  by  a  high  excretion  of 
formiminoglutamlc  acid.   Dietary  supplements  of  either  vitamin  B^g 
or  methionine  overcame. both  signs  of  deficiency.   The  Intact 
methionine  molecule  is  required  for  these  effects  since  homocystin^ 
cystine,  choline,  or  betaine  were  inactive.   Thymidine,  which  can 
replace  vitamin  B12  under  some  conditions,  had  no  effect  on  the 
excretion  of  formiminoglutamlc  acid.   The  high  fat  level  in  the 
deficient  diet  was  necessary  for  poor  growth  but  not  for  the 
excretion  of  formiminoglutamlc  acid. 

Germ-Free  Studies.-  The  germ- free  animal  presents  a  unique 
opportunity  to  secure  unequivocal  answers  to  a  variety  of  questions 
relating  to  the  possible  contribution  of  the  intestinal  flora  to 
the  physiological  economy  of  the  animal.   In  addition  thereto, 
this  opportunity  has  resulted  in  problems  which  are  uniquely 
related  to  germ- free  animals.   One  of  these  relates  to  the  dif- 
ficulty in  meeting  completely  the  germ-free  animals'  nutritional 
requirements.   Work  by  Dr.  Floyd  S.  Daft,  Mr.  Ernest  G.  Mc Daniel, 
and  Mr.  James  C.  Smith,  Jr.  has  resulted  in  the  development  of 
diets  which  produce  reasonably  good  growth  in  the  guinea  pig. 
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These  animals^  however,  develop  caeca  which  in  some  cases  become 
so  large  that  they  represent  43  percent  of  the  total  body  weight 
(in  a  21 -month-old  male).   In  conventional  animals,  the  weight  of 
the  caeciom  is  usually  2  to  3  percent  of  the  body  weight.   Since 
there  is  a  possibility  that  autoclaving  the  diet  may  destroy 
certain  essential  and  as  yet  unrecognized  nutrients  and  that  these 
nutrients  may  be  required  in  maintaining  the  caecum  at  normal 
size,  a  niomber  of  germ-free  guinea  pigs  were  fed  supplements  of 
raw  fresh  eggs,  whole  human  blood,  raw  tissue,  and  feces  from 
germ- free  rats.   These  natural  products  were  .tried  since  they 
were  sterile  originally  and  for  this  reason  they  could  be  brought 
into  the  germ-free  tank  without  being  autoclaved.   None  of  these 
substances  were  effective  in  reducing  the  size  of  the  caecum. 
There  was  actually  an  indication  that  the  guinea  pigs  consuming 
the  rat  feces  showed  an  aggravation  in  the  enlargement  of  the 
caecum.   There  is  a  possibility  that  the  rat  feces  fed  the  guinea 
pigs  may  have  increased  the  amount  of  trypsin  in  the  lower  part 
of  their  intestinal  tract.   This  is  based  on  the  observation  of 
Dr.  Bengt  Gustaffson  (Visiting  Scientist)  that  the  feces  from  germ- 
free  rats  contain  large  amounts  of  trypsin  whereas  the  feces  from 
conventional  animals  contain  none  of  this  enzyme. 

The  enlarged  caecum  is  not  the  result  of  the  germ-free 
state  since  a  number  of  conventional  guinea  pigs  that  were 
removed  from  their  mothers  by  caesarian  _section  and  fed  nothing 
but  autoclaved  diets  showed  similar  enlargement  of  their  caeca. 
The  removal  of  the  major  portion  of  the  caecum  from  day-old 
germ-free  guinea  pigs  at  first  appeared  to  keep  the  caeca  small 
but  until  the  animals  are  sacrificed  no  conclusive  answer  will  be 
available.   An  interesting  incidental  observation  of  the  latter 
study  was  the  high  mortality  (80  percent)  among  the  conventional 
guinea  pigs  on  whom  the  caecaectomy  was  performed  compared  to  the 
low  mortality  (20  percent)  among  the  germ- free  animals.   The 
conventional  animals  died  within  less  than  2^  hours  of  the  oper- 
ation showing  severe  shock  so  it  is  doubtful  whether  infection 
can  explain  the  differential  mortality. 

Protein.-  Dr.  J.  N.  Williams,  Jr.  is  studying  the  effect 
of  a  prolonged  dietary  protein  deficiency  on  the  changes  in  the 
composition  of  the  liver  of  rats.   Within  10  days  after  the 
animals  were  put  on  the  protein- free  ration,  they  began  to  show 
changes,  _some  of  which  progressed  throughout  the  72  days  of  the 
experiment.   The  number  of  cells  in  the  liver  was  estimated  from 
the  concentration  of  deoxyribonucleic  acid.   On  this  basis,  the 
number  of  cells  per  unit  weight  of  liver  almost  doubled  after  72 
days  of  protein  deficiency.   This  change  was  primarily  a  reflec- 
tion of  inanition  and  not  of  protein  deficiency  per  se  since  the 
same  change  was  shown  by  the  animals  fed  a  complete  diet  In 
amounts  equal  to  that  consiimed  by  the  protein-deficient  rats. 
The  nitrogen  content  of  the  individual  liver  cell  in  the  protein- 
deficient  group  was  reduced  to  60  percent  of  that  in  the  rats  fed 
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a  complete  diet  on  an  ad  libitum  basis;  the  comparable  value  for 
the  pair-fed  controls  was  d5  percent.   The  total  number  of  liver 
cells  In  the  proteln-deflclent  and  pair-fed  control  animals 
showed  a  progressive  reduction  throughout  the  72-day  period  to 
70  percent  of  the  ad  libitum  controls.   The  ratio  of  liver  weight 
to  body  weight  increased  markedly  in  the  protein-deficient  rats 
while  little  change  occurred  in  the  pair-fed  controls. 

The  deprivation  of  dietary  protein  should  influence  the 
animals'  ability  to  synthesize  the  enzymes  involved  in  energy 
transformations.   To  evaluate  this  proposition^  Dr.  Williams 
determined  the  activity  of  the  individual  components  of  the  suc- 
cinic oxidase  system  in  his  protein-deficient  rats.   The  activity 
of  succinic  oxidase  and  succinic  dehydrogenase  per  liver  cell 
decreased  to  one-half  of  normal  by  the  10th  day  of  the  protein 
deficiency.   Thereafter,  the  cells  appeared  to  resyntheslze  these 
enzymes  so  that  by  the  end  of  the  experiment  their  activities 
were  about  75  percent  of  normal.   Throughout  the  study,  there  was 
no  change  in  the  antimycin  A-sensitive  activity  (a  measure  of  the 
flow  of  electrons  between  cytochromes-b  and  c_i)  or  of  cytochrome-c 
concentration  within  each  cell.   About  85  percent  of  the  cytochrome 
oxidase  activity,  was  lost  from  the  cell  after  46  days  on  the 
protein-deficient  diet.   In  spite  of  the  large  reduction  in  the 
cytochrome  oxidase  activity,  there  was  still  sufficient  enzyme  to 
maintain  succinic'  oxidase  activity  at  a  high  level.   These  studies 
indicate  that  each  individual  enzyme  of  the  same  mitochondrial 
system  responds  differently  to  a  protein  deficiency. 

Dr.  Peter  G.  Condliffe,  during  the  tenure  of  a  fellowship 
sponsored  by  the  National  Foundation,  spent  one  year  at  the 
Carlsberg  Laboratory  in  Copenhagen.   While  there  he  studied  the 
exchangeable  hydrogen  atoms  In  orosomucoid  which  is  a  glycoprotein 
present  in  h\iman  plasma  to  the  extent  of  O.O5  to  0.1  percent.   It 
is  the  principal  protein  excreted  in  the  urine  of  patients  with 
nephrosis.   Dr.  Condliffe  found  that  at  neutrality  and  37°  all 
available  hydrogens  exchanged  within  two  hours  but  a  number, 
approximately  equal  to  the  number  in  the  peptide  moiety,  do  not 
exchange  instantaneously.   The  latter  hydrogens  probably  repre- 
sent bonds  involved  in  the  secondary  structure  of  the  molecule. 
An  helical  strnicture  would  explain  this  observation.   Confirmation 
of  this  hypothesis  will  be  sought  in  studies  of  the  optical 
rotatory  dispersion  of  orosomucoid.   During  the  course  of  this 
work  a  new  method  was  developed  for  the  preparation  of  the  protein 
which  Involves  the  use  of  an  alcoholic  fraction  of  plasma  proteln- 
VI  (Cohn's  fraction).   After  the  alcohol  is  removed  and  the 
protein  dissolved  in  water,  the  solution  is  dialyzed  against  a 
phosphate  buffer.   The  equilibrated  solution  is  put  through  a 
diethyl  amino  ethyl  cellulose  coltunn  which  adsorbs  the  orosomucoid. 
Elution  is  accomplished  with  a  sodium  phosphate  solution. 
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Lipids.-  Drs.  Robert  0.  Scow,  Sidney  S.  Chemlck,  and 
Martin  Rodbell  (NHl)  found  that  when  an  emulsion  of  cottonseed 
oil  labelled  with  C-^'^-trlpalmltln  was  perfused  through  the  liver 
of  a  rat,  the  disappearance  of  the  labelled  trlpalmltln  was 
proportional  to  Its  concentration  In  the  perfusate.   This  was- 


true  for  concentrations  up  to  J.k   rallllequlvalents  of  ester  per 
liter.   Above  this  level,  the  liver  removed  the  lipid  at  a  con- 
stant rate  of  10  mlcroequlvalents  per  gm.  of  liver  per  hour.   The 
labelled  ester  removed  by  the  liver  was  recovered  primarily  as 
neutral  and  phospho  lipids  (60  to  90  percent)  and  to  a  lesser 
extent  as  ketone  bodies  (11  percent)  and  carbon  dioxide  (2 
percent).   Although  both  the  Kupfer  and  parenchymal  cells  removed 
the  triglyceride  without  de-esterlflcatlon  and  metabolized  it, 
the  parenchymal  cells  accounted  for  75  to  80  percent  of  the 
activity. 

Plasmalogens  comprise  a  group  of  phospholipids  which  give 
rise  to  a  long  chain  aldehyde,  a  fatty  acid,  glycerol,  a  base, 
and  phosphoric  acid  on  acid  hydrolysis.   Previous  work  by  Drs. 
Carl  E.  Anderson  (Visiting  Scientist)  and  Williams  indicated  that 
liver  contains  an  enzyme  which  splits  the  vinyl  ether  linkage  by 
which  the  aldehyde  is  attached  to  the  plasmalogen.   To  facilitate 
this  work,  a  method  was  devised  for  the  separation  of  the  plas- 
malogens from  other  aldehydogenic  compounds  In  the  lipid  extract. 
Silicic  acid  chromatography  under  special  conditions  proved 
satisfactory  for  this  procedure.   With  this  technique  in  hand, 
it  is  now  possible  to  proceed  with  the  enzymatic  study. 

Glucose  Tolerance  Factor.-  Previous  work  by  Drs.  Walter 
Mertz  and  Schwarz  showed  that  when  rats  were  raised  on  certain 
diets,  their  rate  of  removal  of  Intravenously  injected  glucose 
was  reduced  from  a  control  value  of  4  to  4.5  percent  to  2.8 
percent  per  minute.   They  found  that  when  trivalent  chromium  was 
added  to  the  diet,  the  removal  rate  of  the  glucose  was  restored 
to  the  control  value.   The  epididymal  fat  pads  removed  from  rats 
showing  the  reduced  rate  of  glucose  removal  utilized  less  glucose 
than  was  true  of  the  pads  from  rats  fed  the  control  diets.   The 
glucose  uptake  could  be  increased  to  normal  by  the  addition  of 
chromium  to  the  excised  tissue.   The  activity  of  a  number  of 
different  chromliom  (ill)  complexes  in  the  tissue  assays  was 
almost  identical  to  the  activity  seen  in  the  in  vivo  experiments. 
These  findings  indicate  that  differences  in  the  glucose-  tolerance 
factor  (GTF)  activity  of  the  chromiim  complexes  in  the  in  vivo 
studies  cannot  be  explained  solely  on  differences  in  intestinal 
absorption. 

The  work  of  Dr.  Mertz  indicated  that  insulin  was  required 
in  the  in  vitro  system  to  show  the  stimulatory  effect  of  chromium 
on  the  incorporation  of  labelled  glucose  and  to  a  lesser  extent 
of  acetate  into  the  lipids  of  adipose  tissue.   Labelled  galactose 
was  used  to  determine  whether  chromium  had  any  effect  on  the 
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transport  of  nutrients  across  the  cell  membrane.   In  such  studies 
the  adipose  tissue  from  rats  raised  on  the  GTF-deflclent  dl^t 
showed  a  reduced  rate  of  galactose  entry.   The  addition  of  0.01 
\ig.   of  chromium  Increased  tissue  galactose  by  56  percent  after 
one  hour  of  Incubation.   At  that  time  the  tissue  water  In  the 
controls  was  67  percent  saturated  with  galactose  whereas  It  was 
100  percent  saturated  In  the  chromium- supplemented  tissues. 
These  studies  suggest  that  chromium  may  function  close  to  the  site 
of  action  of  Insulin,  I.e.,  In  Increasing  the  entry  of  sugars 
Into  cells. 

Obesity.-  The  obesity  produced  In  a  variety  of  strains  of 
rats  by  feeding  a  high-fat  diet  has  a  genetic  component  to  It  as 
shown  by  the  work  of  Dr.  Richard  S.  Yamamoto.   He  found  that  a 
hybrid  produced  by  crossing  the  Sprague-Dawley  with  the  NIH  black 
rat  did  not  become  obese  when  fed  the  high-fat  diet  even  though 
the  progenitors  of  the  strain  did.   The  level  of  fat  In  the  diet 
has  no  effect  on  body  composition,  plasma  lipids  or  liver  compo- 
sition of  these  hybrid  rats.   An  extension  of  these  studies 
showed  that  an  obese  strain  of  mice  (STR/IN)  had  higher  levels  of 
lipids  In  their  plasma  than  mice  of  the  lean  strains  (DBA/2JN  and 
A/LN) .   The  difference  In  the  lipid  levels  was  primarily  due  to 
neutral  lipids.   Genetic  studies  (with  Dr.  Leon  Sokoloff)  showed 
that  the  obesity  and  high  plasma  lipid  levels  were  dominant 
traits.   These  studies  also  showed  that  the  high  hemoglobin 
levels  and  hematocrit  In  the  a/LN  mice  are  dominant  traits  as 
shown  by  crossing  these  mice  with  the  STR/lN  mice  which  have  low 
blood  levels.   In  all  groups,  the  hemoglobin  level  was  directly 
related  to  the  hematocrit. 

Guinea  Pigs.-  The  guinea  pig  has  a  higher  requirement  for 
dietary  protein  than  most  other  laboratory  animals  as  shown  by 
the  work  of  Dr.  Mary  E.  Reid  (Guest  Worker).   Maximum  rates  of 
growth  were  secured  when  the  diet  contained  35  percent  of  protein 
either  as  casein  or  as  a  purified  soy  protein.   Good  growth  was 
also  secured  when  the  diet  contained  20  percent  protein,  provided 
the  casein  was  supplemented  with  1  percent  L-arginine  or  the  soy 
protein  with  O.5  percent  DL-methlonlne.   These  studies  suggest 
that,  as  far  as  growth  is  concerned,  the  guinea  pig  has  a  high 
requirement  for  certain  amino  acids  and  not  for  protein  per  se. 
Evidence  is  also  being  accumulated  by  Dr.  Reid  that  as  the  level 
of  dietary  protein  is  increased,  the  ratio  of  the  weights  of  the 
liver,  testes,  and  spleen  to  body  weight  Increases. 

Rabbits.-  Previous  work  by  Dr.  Olaf  Mlckelsen  and  Miss 
Jeanne  M.  Reid  indicated  that  although  rabbits  did  not  manifest 
the  typical  deficiency  symptoms  when  fed  a  thiamine- free  diet 
for  long  periods,  they  did  show  a  reduction  in  urinary  and  fecal 
excretion  and  reduced  levels  of  the  vitamin  in  the  brain.   In  an 
extension  of  this  work,  young  rabbits  were  fed  a  thiamlne-free 
diet  supplemented  with  the  vitamin  antagonist  pyri thiamine.   Six 
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of  the  7  rabbits  developed  typical  neurological  symptoms  begin- 
ning on  the  l8th  day.   Four  of  these  rabbits  died  within  24  hours 
after  first  exhibiting  the  symptoms;  the  two  remaining  animals 
showed  dramatic  responses  to  thiamine  Injected  Intraperltoneally. 
Pyrlthlamlne  Increased  the  urinary  excretion  of  thiamine^  offering 
additional  support  for  the  hypothesis  that  this  antagonists 
releases  the  vitamin  from  body  cells. 

ENDOCRINOLOGy 

Experimental  Diabetes.-  One  of  the  major  problems  still 
confronting  the  clinician  who  treats  large  numbers  of  diabetics 
Is  the  sudden  and  apparently  uncontrollable  ketosls  which  devel- 
ops In  some  patients.   Considerable  effort  has  been  devoted  by 
Drs.  Scow  and  Chemlck  to  the  elucidation  of  the  physiological 
factors  In  the  diabetic  rat  which  produce  severe  ketosls. 
Earlier  work  by  this  group  showed  that  when  Insulin  was  withheld 
for  17  hours  or  more  from  the  hypophysectomlzed-pancreatectomlzed 
ratj  severe  ketosls  developed  following  the  administration  of 
glucocorticoids.   Growth  hormone  had  no  effect  In  these  animals. 
However^  when  these  diabetic  rats  were  treated  with  Insulin,  and 
shortly  thereafter  Injected,  then  both  growth  hormone  and  gluco- 
corticoids were  necessary  to  produce  ketosls.   Both  hormones 
were  also  needed  to  produce  severe  ketosls  in  the  fasting  pregnant 
rat.   In  both  cases,  insulin  quickly  suppressed  the  ketosls. 
These  findings  suggest  that  growth  hormone  acts  as  a  ketogenlc 
agent  by  masking  the  action  of  the  traces  of  tissue  Insulin  but 
this  occurs  only  when  the  level  of  Insulin  is  low. 

The  above  findings  have  been  confirmed  in  the  rat  made 
diabetic  by  phlorldzln.   In  this  animal  either  insulin  or 
nephrectomy  (to  prevent  the  loss  of  sugar)  prevented  the  develop- 
ment of  ketosls.   The  phlorldzln-dlabetlc  rat  also  required  both 
glucocorticoids  and  growth  hormone  before  severe  ketosls  developed. 
This  animal  differed  from  the  pancreatectomized  rat  in  that  there 
was  no  accumulation  of  lipids  in  the  blood  and  liver  when  the 
blood  ketone  levels  exceeded  40  mg.  percent. 

The  work  of  Drs.  Scow,  Chemlck,  and  Ernst  Simon  (Visiting 
Scientist)  suggests  that  the  diabetogenic  effect  of  mannoheptulose 
is  due  to  its  suppression  of  insulin  release  from  the  pancreas. 
When  400  mg.  of  mannoheptulose,  a  seven  carbon  sugar  Isolated  from 
avocados,  were  injected  into  a  rat,  it  immediately  developed 
Increased  levels  of  blood  glucose  and  ketone  bodies.   There  was 
no  change  in  the  blood  lipids.   The  effect  of  the  mannoheptulose 
waned  within  two  hours  at  which  time  its  blood  concentration  fell 
below  40  mg.  percent.   Mannoheptulose  is  an  Isomer  of  sedoheptu- 
lose,  an  important  Intermediate  in  the  pentose  shunt.   Sedoheptu- 
lose  differed  from  mannoheptulose  in  not  raising  the  blood  sugar 
level.   Sedoheptulose  resenbled  glucose  in  lowering  the  blood 
ketone  level.   When  fasting  rats  were  given  glucose  by  stomach 
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tubej  the  blood  glucose  level  was  increased  and  the  blood  ketone 
level  decreased.   When  mannoheptulose  was  given  with  the  glucose,' 
the  blood  glucose  level  was  greatly  augmented  but  the  blood 
ketone  level  remained  elevated  until  the  mannoheptulose  had 
practically  disappeared  from  the  blood.   Insulin  Injected  Into 
the  fasting  rats  lowered  both  the  blood  glucose  and  ketone  levels 
even  when  mannoheptulose  was  given.   These  findings  indicate  that 
exogenous  insulin  can  overcome  the  action  of  mannoheptulose  and 
that  the  latter  has  no  effect  on  the  action  of  insulin  once  it  is 
released  from  the  pancreas.   Additional  studies  indicated  that 
mannoheptulose  had  no  effect  on  the  blood  levels  of  both  glucose 
and  ketone  bodies  in  the  pancreatectomized-dlabetic  rat. 

Dr.  Scow  is  developing  a  technique  for  infusing  the 
pancreas  in  situ.   In  the  rat,  this  involved  removal  of  the 
spleen  and  all  the  pancreas  except  that  which  receives  its  blood 
supply  from  the  splenic  artery.   A  polyethylene  tube  was  inserted 
into  a  small  branch  of  this  artery  near  its  origin.   With  this 
setup  it  soon  became  evident  that  the  solutions  injected  into 
the  artery  did  not  mix  completely  with  the  blood,  consequently 
only  a  small  portion  of  the  remaining  pancreas  was  being  infused. 
When  this  difficulty  is  overcome,  the  preparation  will  be  used  to 
study  the  effect  of  mannoheptulose  infusion  on  insulin  release 
from  the  pancreas. 

Dr.  Scow  and  Andre  Robert  (Guest  Worker)  have  developed  a 
technique  for  perfusing  an  isolated  segment  of  adipose  tissue. 
A  long  finger  of  fat  attached  to  the  mesometrium  of  female  rats 
proved  most  satisfactory  for  this  purpose.   Several  problems  have 
developed  such  as  hemolysis,  blood  clotting  in  the  apparatus  and 
edema  of  the  perfused  tissue.   All  but  the  last  have  been  overcome, 

The  work  of  Drs.  Evelyn  Anderson  and  Robert  W.  Bates 
during  the  past  year  suggests  that  the  action  of  orinase  on  the 
release  of  insulin  is  still  unsettled.   In  some  experiments  with 
dogs,  orinase  has  increased  the  level  of  Insiilin  in  the  peripheral 
blood  while  in  others,  orinase  has  had  no  effect.   One  of  the 
major  problems  in  this  study  is  the  method  of  extracting  the 
insulin  from  the  blood  prior  to  bio-assay.   A  number  of  extracts 
have  killed  the  test  animals  and  for  this  reason  the  extraction 
procedure  is  currently  under  intensive  study. 

Pituitary  Hormones.-  For  the  past  7  years  Drs.  Robert  W. 
Bates  and  Peter  G.  Condliffe  have  prepared  their  thyroid  stimu- 
lating hormone  (TSH)  concentrates. from  two  lines  of  pituitary 
tumors  in  mice.   These  tumors  now  show  a  decreasing  concentration 
of  TSH.   Attempts  have  been  made  over  the  past  two  years  to 
locate  new  tiunor  lines  with  a  high  concentration  of  TSH.   Of  some 
30  primary  pituitary  tijmors  that  have  been  transplanted,  only  4 
or  5  have  high  concentrations  of  TSH.   Mice  with  the  latter  tumor 
lines  have  enlarged  bile  ducts  and  elevated  blood  levels  of  TSH. 
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A  disappointing  observation  In  this  work  Is  the  Instability 
of  the  diy  TSH  concentrates  prepared  from  bovine  pituitary.   These 
concentrates  regardless  of  whether  they  were  stored  at  room 
temperature  or  in  a  vacuiim  desslcator  at  lOC.  all  showed  a  50 
percent  reduction  in  their  activity.   It  is  not  known  as  yet 
whether  or  not  the  instability  of  these  preparations  is  species- 
related  as  is  the  case  for  the  prolactins.   Prolactin  preparations 
from  sheep  pituitaries  are  more  stable  than  those  from  bovine 
glandSj  especially  during  fractionation  in  acid  ethanol  or  acetone. 

The  plasma  of  rats  having  large  transplantable  "mammotroplc" 
pituitary  tumors  has  been  shown  by  Dr.  Bates  to  contain  as  much 
prolactin  on  a  dry  weight  basis  as  does  the  tumor  powder.   This  is 
the  first  clear  evidence  that  mammary  development  in  rats  with 
tumors  is  associated  with  Increased  prolactin  levels  in  the  blood. 

Dr.  Bates  has  shown  that  the  injection  of  thyroxine  and 
prednisone  or  these  combined  with  either  growth  hormone  or  pro- 
lactin had  only  a  small  effect  on  body  weight  gains  and  food 
intake  of  hypophysectomlzed  pigeons.   When  all  four  substances 
were  given^  20  |xg.  of  the  mixture  produced  a  greater  effect  than 
1  mg.  of  either  growth  hormone  or  prolactin  alone.   The  relative 
increases  in  weight  of  the  gastrointestinal  tract,  liver,  pancreas, 
and  kidney  were  similar  to  but  greater  than  the  Increase  in  body 
weight  which  confirms  the  splanchnomegalic  effect  of  pituitary 
hormones  in  pigeons. 

Even  when  the  pars  dlstalls  is  removed  from  pigeons,  the 
injection  of  such  varied  substances  as  insulin  and  formaldehyde 
will  still  produce  a  hypertrophy  of  the  adrenals.  Th'e  work  of 
Dr.  Richard  A.  Miller  (Visiting  Scientist)  showed  that  when  the 
Infundibular  process  was  removed  with  the  pars  dlstalls,  thereby 
removing  the  source  of  ACTH,  the  weight  of  the  adrenals  doubled 
spontaneously  in  a  certain  percentage  of  the  pigeons  and  in  all 
birds  if  formaldehyde  was  injected. 

Evidence  has  been  secured  by  Drs.  Evelyn  Anderson  and 
Richard  C.  Grindeland  (Guest  Worker)  that  rats  with  mammotroplc 
pituitary  tumors  continue  to  grow  after  hypophysectomy  and  that 
the  rate  of  cortlcosterone  production  continues  at  a  high  rate. 
These  observations  suggest  that  these  pituitary  tumors  elaborate 
growth  and  adrenocorticotropic  hoiroones. 

Steroids.-  The  work  of  Dr.  Hildegard  N.  Wilson  shows  that 
patients  with  adrenocortical  carcinoma  have  (l)  a  3-  to  10-fold 
Increase  in  the  total  amount  of  ^5-pregnenolone  available  for 
steroid  hoimone  synthesis;  (2)  an  increased  proportion  of  the 
total  synthesis  going  into  the  "androgen"  pathway,  especially  in 
a  virilized  patient;  (3)  a  large  Increase  in  dehydroeplandrosterone 
which  could  not  be  transformed  further  and  was  excreted  as  such; 
(4)  an  increase  in  the  proportion  of  11-deoxycortisol  which  was 
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not  hydroxylated  on  carbon  11  to  fonii  Cortisol;  (5)  an  Increase 
In  the  proportion  of  progesterone  not  converted  to  Cortisol. 
These  studies  suggest  that  certain  enzymes  may  not  be  functioning 
properly  in  adrenal  carcinoma  tissue  thus  preventing  the  synthesis 
of  certain  corticosteroids  In  amounts  equal  to  that  produced  by 
normal  adrenal  tissue. 

The  urine  of  three  patients  with  Klinefelter' s  syndrome 
studied  by  Dr.  Wilson  showed  a  reduction  In  androgens  and  Cortisol 
metabolites.   These  patients  with  hypogonadism,  gynecomastia  and 
high  titers  of  gonadotropins  presumably  have  an  enzymatic  defect 
which  affects  the  early  stages  of  steroid  synthesis  either  In 
the  adrenals  or  gonads. 

It  was  shown  by  Drs.  Anderson  and  James  Davis  (NHl)  that 
aldosterone  secretion  Is  not  controlled  by  a  h\xmoral  substance 
elaborated  In  the  midbrain  as  postulated  by  other  workers.   Dogs 
with  lesions  In  the  midbrain  secrete  from  the  adrenal  gland 
normal  amounts  of  aldosterone.   The  rate  Is  Increased  following 
hemorrhage. 

A  micro  method  for  the  assay  of  ACTH  has  been  developed  by 
Miss  Frances  E.  Wherry  and  Drs.  Anderson  and  Bates.   This  method 
Is  10  times  more  sensitive  than  presently  available  methods.   It 
is  based  on  the  Increase  in  corticosterone  in  adrenal  venous 
blood  of  the  hypophysectomized  rat  following  an  intravenous 
injection  of  ACTH.   Methods  for  the  extraction  of  ACTH  from 
plasma  are  being  developed  so  that  the  levels  of  this  hormone  in 
plasma  can  be  determined. 

LABORATORY  OF  BIOCHEMISTRY  AND  METABOLISM 

Carbohydrate,  Metabolism.  A.  Reactions  involving  carbohy- 
drate polymers.-  Glycogen  Isolated  from  animal  tissues  following 
extraction  with  cold  acid  has  been  found  to  be  of  appreciably 
larger  average  molecular  size  than  that  Isolated  by  extraction 
with  hot  concentrated  alkali.   Isolation  and  identification  of 
the  products  has  revealed  that,  anaeroblcally,  the  chief  action 
of  hot  concentrated  alkali  upon  glycogen  consists  of  a  series  of 
degradatlve  steps  starting  at  the  free  reducing  end  of  the  poly- 
saccharide molecule  and  proceeding  along  the  one  short  straight 
chain  of  alj4-llnked  glucosyl  residues.   The  products  formed  are 
chiefly  free  isosaccharlnlc  acid  and  a  polydisperse  series  of 
polysaccharide  acids.   Quantitative  measurements  of  the  isosac- 
charlnlc acid  split  off  by  alkali  from  glycogen  samples  of  known 
average  molecular  size,   were  found  to  be  in  fairly  good  agree- 
ment with  the  amounts  expected  from  calculations  based  upon 
Idealized  molecules  of  similar  size  having  the  highly  branched 
tree-like  structure  which  has  been  predicted  from  enzymologlcal 
studies.   Borohydride  reduction  of  the  terminal  aldehyde  group 
has  also  been  found  to  render  the  glycogen  molecule  stable  to 
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alkali  degradation.   The  apparent  stability  of  "glycogen"  to 
concentrated  alkali  Is  due  to  the  elimination  of  the  reducing 
end  of  each  molecule  and  its  replacement  by  a  saccharlnic  acid 
residue.   (M.  R.  Stetten) 

Pursuant  to  a  study  of  the  mechanism  by  which  sugar  moieties 
are  transferred  by  some  transferase  enzymes  several  critical 
experiments  have  been  performed.   Glucose-l-0-'-°j  prepared  by 
exchange  of  glucose  with  HgO-",  was  incubated  with  raffinose  and 
levansucrase  according  to  the  following  equation; 

glu-l-O^^  .  gal-O-glu-Offru  ,  ^^V^^^^cr^.e ,  ^^_q_^^^  ,   glu-O^^jfru 

The  sucrose  formed  was  labeled  with  0^^  showing  that  fructose  is 
transferred  as  fructosyl.^  Dextran  produced  in  the  dextransucrase 
reaction  was  devoid  of  O-"-   showing  that  glucose  is  transferred  as 
glvcosyl,  as  follows: 

n  giu-0lS^ztei52S2£Hl^  (gl^)^  +  n  fru 

These  results  support  the  prediction  of  Koshland  to  the  effect 
that  the  transfer  of  an  enzyme- specific  moiety  occurs  at  the  bond 
between  the  anomeric  C  atom  of  that  moiety  and  the  bridge  0  atom. 
Whereas  Koshland  studied  only  hydrolytic  enzymes,  in  which  water 
is  the  acceptor  of  the  group  transferred,  the  present  studies  are 
the  first  to  be  done  on  transfers  from  carbohydrate  donors  to 
carbohydrate  acceptors.   It  is  concluded  that  a  glycosyl- enzyme 
complex  is  the  intermediate  structure  in  these  transfers: 

n  I   n  _.  IT    transferase    ^ '   ,  _,   .  _ 
gl|  -^  R  +  Enz  gl]  '^  Enz  +  R 

(F.  Eisenberg  and  S.  Hestrin) 

Studies  on  the  mechanism  of  formation  of  various  mammalian  muco- 
polysaccharides have  revealed  the  presence  of  a  previously  un- 
recognized chondroitin  sulfate  polymer  in  human  umbilical  cord 
and  attempts  to  isolate  and  Identify  it  are  in  progress.   In 
addition,  it  has  recently  been  demonstrated  that  red  blood  cell 
hemolysates  from  patients  with  Hurler's  disease  are  unable  to 
metabolize  UDPG  and  that  the  activity  is  restored  by  freezing. 
The  addition  of  magnesium,  in  small  amounts,  overcomes  the 
original  defect  in  this  tissue  and  renders  it  unaffected  by 
freezing.   Further  investigation  of  the  levels  of  free  and  bound 
magnesium  in  normal  and  pathologic  hemolysates  is  planned. 
(j.  Hickman) 

A  study  of  the  pattern  of  enzymatic  degradation  of  a  poly- 
uronide has  been  undertaken.   This  polymer,  alglnic  acid,  which 
contains  a  repeating  unit  consisting  of  D-mannuronic-  and 
L-guluronic  acid  is  utilized  for  growth  by  an  unidentified  soil 
organism.   Extracts  of  this  organism,  purified  approximately 
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46-fold,  catalyze  the  formation  of  a  series  of  partially  imsatur- 
ated  oligosaccharides  leading  to  the  formation  of  a  new  keto- 
uronlc  acid,  2-keto-3-deoxy-6-aldehydro-hexonlc  acid.   This 
compound  appears  to  be  a  5-eplmer  of  a  similar  monosaccharide 
recently  reported  elsewhere  as  a  product  of  the  bacterial 
utilization  of  hyaluronic  acid  and  chondroltln  sulfate.   Further 
studies  on  the  mechanism  of  the  reaction  as  well  as  the  subsequent 
fate  of  this  metabolite  are  planned.   (j.  Prel^s) 

The  elucidation  of  the  structures  of  the  various  oligosac- 
charides present  In  human  milk  which  serve  as  growth  factors  for 
Lactobacillus  blfldus,  and  the  elucidation  of  the  reactions  by 
which  some  of  these  factors  are  Incorporated  Into  the  cell  wall 
of  this  microorganism  will  be  investigated.   It  is  felt  that 
such  an  approach  will  also  provide  information  relating  to  the 
mechanism  of  action  of  penicillin,  an  agent  known  to  block  the 
Incorporation  of  N-acetyl  muramlc  acid  into  bacterial  cell  walls. 
(P.  O'Brien) 

Carbohydrate  Metabolism.  B.  Reactiong  involving  small 
molecules.-  The  -previously  described  L-gulonic  (DPN)  dehydrogenase 
from  hog  kidney  has  been  reinvestigated  and  purified  100-150-fold. 
Studies  with  this  enzyme  have  led  to  the  successful  isolation  and 
identification  of  p-keto-L-gulonic  acid  as  an  intermediate  in  the 
conversion  of  L-gulonic  acid  to  L- xylulose.   The  purified  enzyme 
was  shown  to  possess  an  unusual  substrate  specificity  in  that  It 
reacts  with  all  of  the  hexonic,  pentonic  and  tetronlc  acids  in 
which  the  hydroxyl  group  on  the  ^-carbon  possesses  a  laevo  con- 
figuration.  In  addition,  the  p-keto  function  of  acetoacetate  and 
2,3-diketo-L-gulonate  has  been  shown  to  be  reduced  stereospecifl- 
cally  with  the  resultant  formation  of  L(+)p-hydroxybutyrate  and 
2-keto-L-gulonate  respectively.   Neither  of  the  latter  two  com- 
pounds had  been  previously  implicated  in  mammalian  metabolism. 
A  specific  decarboxylase  acting  upon  p-keto-L-gulonate  has  been 
purified  from  guinea  pig  liver  acetone  powder  and  L-xylulose 
identified  as  the  unique  product  of  this  reaction.  (J.  D.  Smiley 
and  J.  Winkelman) 

An  investigation  of  the  enzymatic  reactions  Involved  In  the 
formation  and  metabolism  of  L-ascorbic  acid  in  mammalian  tissues 
has  been  completed.   The  enzymatic  utilization  of  vitamin  C  has 
been  shown  to  involve  an  oxidation  to  diketo-L-gulonic  acid  which 
is  decarboxylated  to  yield  L-xylonlc  and  L-lyxonlc  acid.   L-xylonic 
acid  in  turn  is  converted  to  the  5-carbon  analogue,  L-erythro- 
ascorbate  and  this  in  turn  oxidized  and  decarboxylated  to  yield 
L-threonic-  and  L-erythronic  acid.   (G.  Ashwell,  J.  Kanfer,  and 
J.  J.  Bums) 

Biosynthesis  of  GDP-L-Fucose.-  The  pathway  of  the  biosynthe- 
sis of  this  nucleotide  sugar  has  been  studied  and  a  novel  inter- 
mediate, GDP-4-keto-6-deoxy-2-niannose  ,  has  been  implicated  In 
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the  biosynthetlc  conversion  of  GDP-D-marmose  to  GDP-^L-fucose.  In  addition 
GDP  glycero-D-mannoheptose  lias  "been  isolated  and  identified  from  yeast. 
(Dr.  V.  Glnsburg) 

Nucleic  Acids:  Structiire  and  Metabolism.-  Secondary  structure,  due  to 
hydrogen  "bonding  between  specific  base  pairs  is  of  increasing  importance  in 
this  field.  In  protein  biosynthesis  it  is  believed  that  small  polynucleotides 
with  attached  amino  acids  go  to  specific  places  on  the  HNA  ten^jlate,  and  thus 
the  amino  acids  are  lined  up  in  an  ordered  way  (adaptor  hypothesis). 

Several  recent  projects  are  concerned  with  hydrogen-bonded  complexes 
between  oligonucleotides  and  polymers.  This  continues  work  begun  last  year. 
The  deoxynucleotide,  (d)  pi^J^A  forms  a  complex  with  the  ribose  polymer,  poly 
U.  This  is  a  model  for  the  manner  in  which  DNA  coiild  cciiiplex  with  RNA  and 
control  its  synthesis.  The  effect  of  non-complementary  bases  was  investigated. 
Thus,  pApApJ^ApU  bonds  with  poly  U  so  that  every  "U"  of  poly  U  complexes  with 
every  "A"  of  the  oligonucleotide.  The  terminal,  non-complementary  "U"  of 
pJ^ApApU  apparently  rotates  out  of  the  way.   (M.  N.  Lipsett,  L.  A.  Heppel  and 
D.  F.  Bradley)  Results  like  these  are  significant  in  assessing  effect  of 
mutation  and  abnormal  bases  in  nucleic  acid  helices. 

The  problem  of  nucleotide  sequence,  the  primary  structure  of  the  RNA 
chain,  becomes  ever  more  pressing.  More  and  better  enzymatic  reagents  are 
needed  for  its  solution.  It  was  discovered  here  that  alkaline  phosphcmono- 
esterase  is  the  best  available  agent  for  specific  removal  of  terminal  phosphate 
from  RNA  and  other  polynucleotides.  With  its  help  the  Whitfeld  stepwise 
degradation  method  has  been  applied  for  nucleotide  sequence  in  S-RNA.  However, 
traces  of  nuclease  still  contaminate  the  enzyme  and  further  purification  is 
necessary.  (R.  J.  Hilmoe  and  D.  R.  Harkness)  Studies  on  specificity  of  Staph. 
aureus  nuclease,  wheat  germ  nuclease  and  spinach  ribonuclease  were  carried  out 
— all  for  the  piirpose  of  using  them  as  reagents  in  elucidating  RNA  structure. 
(L.  A.  Heppel) 

Another  investigation  is  to  find  out  how  big  a  polynucleotide  has  to 
be  before  it  takes  on  the  properties  of  a  polymer  such  as  nucleic  acid.  That 
is,  at  what  stage  is  a  secondary  structure,  involving  hydrogen  bonding  between 
bases,  acquired?  The  evidence  is  that  a  hexanucleotide  can  acquire  such  an 
ordered,  secondary  stmcture.   (M.  F.  Singer,  L.  A.  Heppel,  G.  Rushizky  and 
H.  A.  Sober) 

Studies  on  the  mechanism  of  action  of  polynucleotide  phosphorylase  are 
being  continued.  New  results  on  the  primer  requirements  have  just  been  ob- 
tained.  (M.F.  Singer)  Biosynthesis  of  RNA  in  a  fraction  from  E.  coli  (A.  L. 
Stevens)  showed  an  apparent  requirement  for  DNA 

Studies  on  the  structure  of  polynucleotides  have  been  continued 
using,  primarily,  infrared  spectroscopic  techniques.  Evidence  that  the 
I  +  C  polymer  may  have  a  DNA-like  stincture  has  also  been  obtained. 
(T.  Miles) 
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steroids.  A.  Studies  on  mechanisms  of  hormone  action. - 
Several  recent  studies  have  Increased  our  understanding  of  how 
hormones  are  able  to  exert  an  effect  on  metabolism  by  altering 
the  activity  of  enzymes.   Thus,  certain  estrogenic  steroid 
hormones  inhibit  a  key  enzyme--glutamic  dehydrogenase.   It  was 
found  that  their  ability  to  inhibit  crystalline  beef  liver  glu- 
tamic dehydrogenase  is  due  to  their  ability  to  alter  the  structure 
of  the  enzyme  by  dissociating  it  into  subunlts.   The  subunits 
possess  a  different  catalytic  activity,  alanine  dehydrogenase, 
from  that  of  the  parent  tetromer.   The  conversion  of  the  tetromer 
to  the  subunit  is  catalyzed  by  steroid  hormones  and  the  reverse 
reaction  is  facilitated  by  adenosine  diphosphate.  (G.  M.  Tomkins 
and  K.  L.  Yielding) 

Aldehyde  Dehydrogenase.-  A  steroid-sensitive  aldehyde 
dehydrogenase  has  been  discovered  and  studied.   It  is  strongly 
inhibited  by  such  compounds  as  progesterone  and  stimulated  by 
dlethylstilbestrol,  cortisone  and  several  steroids.   This  is  the 
only  case  of  an  enzyme  whose  activity  has  been  altered  in  several 
directions  by  different  steroid  hormones.   The  role  of  this 
enzyme  in  galactose  metabolism  has  also  been  studied.  (E.S.Maxwell) 

The  cytoplasmic  fraction  of  liver  contains  two  DPN-llnked 
aldehyde  dehydrogenases.   Only  one  of  these  is  steroid  sensitive. 
Whereas  progesterone  and  the  androgens  inhibit  this  activity,  the 
estrogens,  and  to  a  lesser  extent  cortisone,  inhibit  when  the  sub- 
strate concentration  is  rate  limiting,  but  stimulate  when-  the  sub- 
strate concentration  is  non-rate  limiting.   The  mechanism  of 
inhibition  appears  to  be  different  from  that  of  stimulation.   The 
dual  nature  of  the  estrogen  effect  may  represent  a  prototype  for 
a  homeostatic  mechanism  by  which  accelerated  metabolism  occurs 
when  substrate  is  present  in  excess  and  decelerated  metabolism 
occurs  when  substrate  is  limiting.  (E.  Maxwell  and  Y.  Topper) 

In  light  of  the  recent  finding  that  vitamin  A  acid  can 
substitute  systemically  for  other  vitamin  A  forms,  it  was  of 
Interest  to  find  that  vitamin  A  aldehyde  is  irreversibly  oxidized 
to  the  acid  by  aldehyde  dehydrogenase,  and  that  the  Km  for  the 
aldehyde  is  about  10"°  M.   The  kidney  enzyme  is  quite  sensitive 
to  estrogens,  and  this  may  account  for  the  fact  that  female  kidney 
contains  much  less  of  the  vitamin  than  does  the  male  kidney. 
(T.  D.  Elder  and  Y.  Topper) 

In  continuation  of  studies  on  galactose  metabolism,  it  has 
been  found  that  stimulation  of  the  eplmerase  reaction  leads  to 
acceleration  of  the  transferase  reaction  in  hemolysates. 
(T.  D.  Elder,  S.  Segal  and  Y.  Topper) 

Steroids.  B.  Metabolism  of  Steroids.-  It  has  been  shown 
that  with  respect  to  the  steroid  4-5  double  bond  reductases  that 
the  liver  represents  a  heterogenous  cell  population.  (R.  F. 
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Bakemeler  and  G.  M.  Tomklns)   This  finding  may  be  related  to 
current  ideas  about  antibody  production  in  reticuloendothelial 
systems.   In  other  work,  it  was  found  that  there  are  at  least 
nine  separate  steroid  4-5  unsaturated  p  reductases.  (A.  N. 
Weinberg  and  G.  M.  Tomkins)   These  are  TPNH- dependent  enzymes 
catalyzing  an  irreversible  reaction.   Some  of  their  physical 
properties  have  been  studied.   They  have  similar,  but  not  iden- 
tical, mobility  on  diethyl amino ethyl  cellulose  chromatography  and 
in  density  gradient  centrlfugatlon.   The  pH  optima  are  different 
and  they  have  a  different  substrate  specificity. 

Other  Studies  on  Regulatory  Mechanisms  and  Hormones.-  In 
attempts  to  delineate  the  site  of  the  diabetogenic  action  of 
mannoheptulose  (MH)  the  following  observations  have  been  made. 
This  seven-carbon  sugar  does  not  affect  the  insulin  effect  on 
glucose  uptake  by  isolated  rat  diaphragm;  thus,  the  peripheral 
action  of  Insulin  is  unaltered  by  MH.   The  pattern  and  rate  of 
I^Sl-lnsulin  degradation  by  perfused  rat  liver  Is  unchanged  by 
MH,  indicating  that  the  hormone  Is  not  more  quickly  destroyed  in 
the  presence  of  this  sugar.   A  rise  in  blood  ketone  bodies  is 
caused  by  MH  even  when  glucose  is  stlmultaneously  injected.   Sedo- 
heptulose,  an  Isomer  of  mannoheptulose,  does  not  elicit  these 
effects.   It  has  been  tentatively  concluded  that  the  site  of 
diabetogenic  action  of  MH  is  the  pancreas.   A  gluconogenic  effect 
of  MH  appears  to  be  mediated  through  the  adrenals.  (E.  Simon, 
R.  Scow  and  S.  Chemlck) 

The  nature  and  locus  of  binding  of  insulin  by  target 
tissues,  and  the  characteristics  of  the  enzymlc  degradation  of 
this  hormone  by  mammalian  liver  are  under  investigation. 

Chemical  and  electrophoretlc  data  obtained  with  a  fluores- 
cent derivative  of  insulin  indicate  that  the  product  contains 
1.25  fluorescln  radicals  per  molecule  of  protein.   Results  of 
rabbit  bloassays  indicate  that  the  derivative  possesses  1/2  to 
2/3  of  the  activity  of  the  native  hormone.   Preliminary  experi- 
ments involving  the  use  of  fluorescence  microscopy  have  demon- 
strated that  the  derivative  is  strongly  bound  by  leucocytes  but 
not  by  erythrocytes.   (F.  Tietze  and  G.  Mortimore) 
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Following  treatment  of  Insulln-I  -^  with  highly  purified 

liver  "Insullnase"  approximately  15^  of  the  total  radioactivity 
of  the  substrate  becomes  soluble  in  trichloroacetic  acid  in  con- 
trast to  nearly  100^  with  crude  liver  homogenate.   This  result 
may  Indicate  that  the  purified  preparation  represents  only  one 
component  of  a  complex  that  constitutes,  in  its  entirety,  the 
enzyme  system  known  as  "insullnase."   (H.  Katzen  and  D.  Stetten) 

Oxytocin  and  vasopressin  stimulate  glucose  oxidation  by 
mammary  gland  in  vitro.   The  effects  of  these  hormones  are  addi- 
tive to  that  of  insulin,  but  not  to  each  other.   (T.  Goodfriend, 
J.  Cohen,  and  Y.  Topper) 
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The  chemical  nature  of  the  humoral  agents  which  accumulate 
during  uremia  and  the  chemical  basis  for  the  changes  In  cerebral 
function  In  uremia  are  being  studied.   It  has  been  found  that 
normal  rat  brain  cells,  when  suspended  In  serum  from  uremic 
patlentsj  generate  significantly  greater  yields  of  cl^Og  from 
glucose-C-'-^  than  do  the  same  cells  suspended  In  normal  serum. 
This  finding  provides  an  assay  for  an  agent  In  hioman  uremic 
serum  which  alters  the  metabolism  of  nervous  tissue.   Attempts 
to  concentrate  and  ultimately  to  Identify  the  agent  or  agents 
responsible  are  being  pursued.   If  this  goal  Is  achieved  a 
rational  therapy  for  uremia  may  result.   (N.  Cimmlngs,  D.  Stetten) 

Metabolism  of  Pyridine  Nucleotides  and  Other  Coenzymes.-  A 
number  of  TPNH- dependent  enzymes  have  been  shown  to  be  Inhibited 
by  the  end  product,  TPN.   The  biological  significance  of  this 
finding  has  been  explored  and  It  Is  felt  that  this  inhibition, 
rather  than  being  fortuitous,  represents  an  Important  biological 
control.  (G.  Ferro-Luzzl  and  G.  M.  Tomklns) 

In  continuation  of  studies  designed  to  study  the  metabolic 
fate  of  Intracellularly  generated  reduced  pyridine  nucleotides 
the  synthesis  of  cholesterol  and  fatty  acids  by  rat  liver  slices 
has  been  Investigated.   The  synthesis  of  cholesterol  (dlgltonln- 
preclpl table  steroids)  from  acetate-2-H3,cl^  results  In  a  product 
with  an  Isotoplc  ratio  of  hS/C^'^  of  0.4.   This  Is  In  strikingly 
good  agreement  with  that  derivable  from  theoretical  consider- 
ations, namely  0.44  t   0.04.   Similar  experiments  utilizing 
acetate- 2- h3,C-'-'^  Incorporation  Into  fatty  acids  revealed  an 
Isotope  ratio  of  0.24,  to- be  contrasted  with  a  theoretical  value 
for  stearic  acid  synthesis  of  0.11.   Which  of  the  considerations 
utilized  In  calculating  the  theoretical  value  for  stearic  acid 
Is  In  need  of  modification  has  not  been  determined. 

The  metabolism  of  TPNH  and  DPNH  generated  Intracellularly 
has  also  been  studied.   This  was  accomplished  with  the  use  of 
glucose-l-cl^,H3  and  glycerol-2-H3  as  substrates.   It  has  been 
shown  that  these  two  reduced  pyridine  nucleotides  are  not  equiva- 
lent in  the  cell.   TPNH  is  utilized  in  fatty  acid  and  cholesterol 
synthesis  to  an  extent  ten  to  twenty  times  greater  than  DPNH. 

Utilizing  the  HvC   ratios  in  fatty  acids  and  cholesterol 
from  glucose-6-C^^,H3  and  acetate-2-Cl^,H3  an  estimate  has  been 
made  of  labillzatlon  of  hydrogen  in  the  Embden-Meyerhof  pathway. 
The  results  indicate  that  2/3  of  the  hydrogens  bound  to  C-6  of  a 
molecule  of  glucose  are  exchanged  during  conversion  to  acetyl 
coenzyme  A.   Presumably  this  occurs  at  the  phosphoenolpyruvate- 
pyruvate  reaction.   (B.  Bloom  and  D.  Foster) 

The  biosynthesis  of  thiamine  and  its  phosphorylated  deriv- 
atives by  baker's  yeast  is  being  investigated.   An  enzyme  which 
catalyzes  the  condensation  of  the  two-ring  moieties  of  thiamine 
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phosphate  according  to  the  following  equation: 

MctH — f" 

"Pyrlmldine"-PP  +  "Thlazole"-P   ^     Thlamine-P  +  PP 


has  been  Isolated  and  purified  about  1000-fold.   The  reaction  has 
an  equlllbrliom  constant  of  approximately  lOj  and  Is  Inhibited  by 
phrophosphate  noncompetltlvely.   Procedures  have  been  devised  for 
the  synthesis  of  hydroxyme thyl  pyrlmldlne  and  the  corresponding 
mono-  and  pyrophosphate  derivatives.   (l.  Leder) 

Protein  and  Amino  Acid  Synthesis.-  Cell-free  extract  which 
makes  small ^  but  apparently  significant,  quantities  of  the  Induc- 
ible enzyme  penicillinase  from  B.  cereus  has  been  obtained.   The 
requirements  for  this  system  are  under  study  at  the  moment.  (M. 
Nlrenberg) 

Hlstldlne  Biosynthesis.-  The  first  step  of  hlstldlne  bio- 
synthesis In  Salmonella  has  been  shown  to  be  the  reversible 
condensation  of  phosphorlbosyl-pyrophosphate  and  ATP  to  form 
N-l-(5 '-phosphorlbosyl)-ATP  and  pyrophosphate.   The  condensation 
product  has  been  Isolated  and  Its  structure  proved.   The  enzyme 
catalyzing  the  reaction  has  been  described  and  named  phosphorlbo- 
syl-ATP  pyrophosphorylase.   It  Is  lacking  In  one  class  of 
hlstldlne  mutants.   The  enzyme  Is  strongly  Inhibited  by  hlstldlne. 
None  of  the  other  enzymes  of  the  pathway  are  Inhibited  by  hlstl- 
dlne and  the  Inhibition  of  the  first  enzyme  by  the  end  product 
seems  to  be  another  example  of  feedback  Inhibition  control. 

In  addition  to  feedback  Inhibition  another  mechanism, 
repression.  Is  capable  of  regulating  the  amount  of  hlstldlne 
synthesized  in  Salmonella.   Repression  results  In  control  of  the 
rate  of  synthesis  of  the  enzymes  of  a  pathway  by  the  end  product 
of  the  pathway.   (B.  N.  Ames  and  R.  G.  Martin) 

Enzymatic  Utilization  of  Model  Compounds.-  Continuing 
studies  on  the  mechanism  of  enzyme  catalyzed  aldehyde  oxidation 
have  resulted  in  information  concerning  the  sites  of  substrate 
binding  to  protein..  Employing  techniques  of  enzyme  digestion  and 
competitive  inhibition,  it  has  been  concluded  that  aldehyde  sub- 
strates are  bound  to  closely  juxtaposed  SH  groups  of  the  enzyme, 
whereas  pyridine  nucleotides  are  bound  at  sites  other  than  sulf- 
hydryl  groups.   The  fact  that  each  of  ten  different  aldehyde 
dehydrogenases  tested  are  sensitive  to  Inhibition  by  arsenite,  a 
specific  inhibitor  of  disulfhydryl  systems  at  low  concentration, 
strengthens  the  case  of  disulfhydryl  involvement  for  enzyme 
catalyzed  aldehyde  oxidation.   The  precise  manner  in  which  such 
sulfhydryl  groups  participate  Is  in  the  realm  of  speculation  but 
probably  involves  a  series  of  disulfide  interchange  reactions. 

An  enzyme  thiooxidase  has  been  purified  from  a  mold, 
Plricularia  oryzae,  which  catalyzes  the  oxidation  of  conjugated 
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sulfhydryl  compounds.   The  enzyme  catalyzes  the  oxidation  of 
catechols  as  well  and  Is  analogous  In  many  respects  to  polyphenol 
oxidases.   Because  the  thiol  substrate  Is  oxidized  to  a  disulfide 
and  no  further,  thus  differing  from  polyphenol  systems  which 
oxidize  catechol  extensively,  the  mechanism  of  the  oxidation  may 
be  studied  without  Interference  from  competing  reactions.   Here, 
too,  are  Indications  for  the  Involvement  of  closely  linked  sulf- 
hydryl groups.   (W.  B.  Jakoby,  and  G.  Aurbach) 

LABORATORY  OF  PHYSICAL  BIOLOGY 

The  Laboratory  of  Physical  Biology  comprises  five  sections 
which  devote  attention  to  basic  research  in  disciplines  varying 
from  physics  and  chemisti-y  to  physiology  and  often  cooperative 
ventures  involving  several  disciplines.   In  a  general  sense,  the 
several  projects  are  related  by  the  attention  given  to  the  material 
aspects  of  life  processes,  but  specifically  with  the  energetic  and 
structural  interconversion  which  is  responsive  to  the  various 
environmental  factors,  both  Immediate  and  remote,  that  interact 
with  organisms.   Much  cooperative  work  was  carried  out  with 
personnel  of  other  Institutes  and  some  at  laboratories  made 
available  in  off  campus  research  centers. 

In  the  area  of  photobiology  studies  on  the  basic  phenomena 
of  photosynthesis  are  concerned  with  the  primary  step  in  photo- 
mechanisms.   Early  transient  phenomena  are  of  special  interest. 
Dr.  Olson  has  developed  a  spectromicrophotometer  for  observing 
fluorescent  spectra  and  absorption  changes  at  half  second  inter- 
vals.  The  transient  formation  of  a  yellow  fluorescent  component 
in  what  (max.  emission  5^0  m|j,)  has  been  demonstrated  to  be  non- 
enzymatically  produced,  to  require  interface  distribution,  and  to 
depend  on  availability  of  oxygen.   The  process  is  seen  to  be 
reversible  and  similar  to  others  in  activated  components  of 
protochlorophyll  and  numerous  porphyrins. 

Photoreception  in  animal  tissues  has  been  shown  by 
Dr.  Hagins  to  result  in  the  release  of  selectively  concentrated 
potassium  ions  in  the  ree^itor  cells.   This  is  accompanied  by  an 
electrical  impedance  fall  which  is  subject  to  suppression  by 
procaine  but  without  effect  on  the  externally  observed  action 
current.   A  model  has  been  devised  which  accounts  for  most  of  the 
findings  in  terms  of  known  properties  of  electrically  excitable 
cells. 

The  effects  of  destructive  radiation  have  been  studied  by 
Dr.  Greenblatt,  who,  in  cooperation  with  Dr.  Elklnd  of  the  Cancer 
Institute,  has  shown  that  clonal  techniques  of  studying  the  sur- 
vival and  the  changes  in  chromosome  properties  can  be  used  to 
great  advantage  in  cell  cultures  of  the  Chinese  Hamster.   A  model 
was  devised  which  demonstrates  critical  points  in  the  phenomena 
of  chromosomal  injury  which  are  subject  to  further  experimental 
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proof  by  the  techniques  devised  In  this  study  and  in  cooperation 
with  Dr.  Royce  Lockhart. 

By  means  of  nuclear  magnetic  resonance  (NMR)  and  electron 
paramagnetic  resonance  (EPR),  Dr.  Becker  has  shown  the  molecular 
structure  of  a  number  of  substances  of  biological  interest  in 
many  cooperative  studies  performed  with  scientists  of  both  NIH 
and  nongovernmental  institutions.   Information  obtained  from  the 
techniques  of  NMR  and  EPR  supplements  that  obtained  by  Infrared 
spectroscopy  and  provides  detailed  information  on  structure, 
particularly  on  molecular  interactions  and  the  character  of 
molecules  containing  impaired  electrons,  including  free  radicals 
and  paramagnetic  atoms  and  ions.   A  substantial  addition  to  the 
number  of  accurately  determined  hydrogen  bond  energies  now  In 
the  literature  has  been  made.   This  work  has  thrown  support  to 
some  tentative  theories  and  doubt  on  other  long  held  generaliza- 
tions regarding  hydrogen  bonding.   Studies  of  porphyrins,  of 
Interest  to  Dr.  Watson  (Unlv.  of  Minnesota)  have  provided  infor- 
mation on  the  position  of  functional  groups  and  tautomerism  of 
the  NH  protons  in  certain  metal-free  porphyrins.   A  free  radical 
intermediate  in  the  oxidation  of  chlorpromazlne  in  vitro  is  being 
studied  to  elucidate  its  apparent  second  order  decay  reaction 
demonstrated  by  the  methods  used  in  this  project.   Many  other  NMR 
spectra  have  been  made  for  other  investigators  and  found  helpful 
and  even  instrumental  in  solving  challenging  structural  problems. 

The  use  of  dipole  moment,  dielectric  polarization  and 
spectroscopic  absorption,  rotatory  dispersion  and  dlchrolsm  by 
Dr.  Chamey  has  resulted  in  several  different  methods  of  eluci- 
dating the  role  which  Intermolecular  forces  play  in  molecular 
organization.   The  importance  of  atomic  polarization  rather  than 
molecular  characteristics  in  causing  the  apparent  dipole  moment 
of  p-quinone  was  demonstrated.   The  binding  of  protoporphyrin  to 
Bovine  serum  albimiln  was  studied  to  elucidate  the  control  of  the 
stoichiometry  of  protein  binding  by  copper.   Interest  has  been 
developing  in  a  method  of  studying  polar  molecules  in  the 
glycerol-water-salt  solution  glass  foiTned  at  liquid  nitrogen 
temperature.   Nucleosides  exhibit  characteristic  and  specific 
differences  in  the  sharpening  of  the  spectral  bands  under  these 
conditions.   In  addition,  the  effect  of  solvents  on  spectral 
absorption  has  been  shown  as  a  function  of  Van  der  Wall's  con- 
stant "a"  and  related  to  the  ratio  of  dipole  moment  and  polarlz- 
abillty. 

Studies  of  steroid  photo  reactions  have  been  continued  by 
Dr.  Brackett  with  Dr.  Sharpless  to  show  the  quanti^m  requirements 
for  ergosterol  transformation.   The  data  are  consistent  with 
those  of  Havlnga  and  give  in  addition  values  at  three  longer 
wavelengths.   The  work  also  provides  further  information  on  the 
time  course  of  trans fonnatlons  involving  tachysterol  and  precal- 
ciferol which  have  been  the  subject  of  previous  studies.   The 
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application  of  analog  computer  techniques  with  the  assistance  of 
Mr.  Hahn  has  facilitated  the  otherwise  tedious  reduction  and 
analysis  of  data  so  that  much  more  Information  may  be  brought  to 
bear  on  the  proof  of  current  concepts.   Instrument  development  In 
all  areas  has  been  directed  toward  automation  and  computer  analysis 

Observations  of  the  optical  rotatory  dispersion  In  the 
ultraviolet  region  by  Drs.  Weiss  and  Chamey  suggest  that  the 
Cotton  effects  of  ergosterol  and  Its  stereo  Isomers  cannot  be 
explained  solely  through  action  of  the  asymmetric  carbon  atoms 
adjacent  to  the  dlenlc  chromophore.  Implying  a  contribution  by 
the  latter  and  thus  a  deviation  from  planarlty  In  the  dlenlc 
system. 

The  application  of  flash  photometry  to  ergosterol  studies 
by  Dr.  Adams  has  shown  that  thermal  reactions  are  of  Importance 
In  the  elucidation  of  the  complex  Isomerlzatlons  which  take  place 
In  Irradiation  by  various  means. 

Dr.  Zlffer  has  shown  that  a  differential  assay  of  vitamins 
D2  and  D3  Is  available  through  the  finding  that  these  products 
are  transformed  to  their  pyro-  and  Isopyro-calclferol  Isomers 
respectively  during  gas  chromatography. 

In  the  past  year  the  formation  of  a  new  section  studying 
the  effects  of  high  energy  radiation  on  substances  of  biological 
Interest  and  on  organisms  themselves  has  proceeded  slowly  with 
the  difficult  problem  of  setting  objectives  with  feasible  modes  of 
attack.   Under  the  direction  of  Dr.  Llddel  the  means  for  thermal 
neutron  exposure  were  devised  by  Dr.  Mallch  In  the  Installation 
of  a  400  Kev  positive  Ion  accelerator  which  is  currently  able  to 
yield  well  over  100  times  the  product  of  the  Polonium- Beryl  Hum 
source  available  earlier.   Calibration  of  the  neutron  flux  has 
been  carried  out  in  such  a  manner  as  to  give  absolute  values  of 
neutrons  per  unit  volume  at  various  positions  in  the  exposure 
chamber.   The  use  of  this  source  for  exposures  both  of  substances 
of  biological  Interest  and  Hvlng  organisms  is  currently  being 
arranged. 

In  anticipation  of  other  objectives  of  this  section.  Dr. 
Kempner  has  continued  his  studies  of  radloactively  labeled  com- 
pounds and  their  synthesis  in  organisms  such  as  yeast  cells.  His 
studies  with  uracil  and  fluorouracll  show  that  uracil  is  Incor- 
porated only  into  RNA  and  not  Into  DNA.  This  allows  the  use  of 
fluorouracll  in  the  study  of  the  selective  action  of  the  cells 
between  these  two  compounds  at  various  stages  of  synthesis.  In 
comparison  with  previous  work,  it  is  seen  that  the  necleic  acid 
synthesis  mechanism  has  the  ability  to  select  pyrimldlnes  in  at 
lease  three  observable  steps. 
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The  use  of  controlled  low  voltage  electrons  to  localize 
various  functional  sites  in  large  molecules  has  been  exploited  by 
Dr.  Preiss.   He  has  shown  that  basic  globular  proteins  which  have 
been  subjected  to  dry,  in  vacuo  bombardment  acquire  the  ability 
to  induce  an  excess  turbidity  in  polynucleotide  solutions.   This 
turbidity  is  a  non-mono tonic,  protein  characterizing  function  of 
the  dose  and  an  analytical  treatment  of  the  data  has  been  made 
correlating  experimental  examination  of  the  significance  of 
primary,  secondary,  and  tertiary  structures.   The  importance  of 
isoelectric  pH  and  molecular  weight  of  the  proteins  have  been 
shown  and  the  importance  of  the  number  of  S-S  bridges  is  under 
study.   The  general  method  promises  much  application  in  an  area 
otherwise  singularly  inaccessible  to  quantitative  assessment. 
The  comparative  effects  of  thermal  and  faster  neutron  radiations 
ai^e  under  study. 

Means  for  assessing  and  elucidating  the  effect  of  neutrons 
in  lens  tissue  damage  are  being  devised  by  Dr.  Trokel  who  is 
setting  up  a  lens  tissue  culture  facility.   Similarly  the  use  of 
embryonic  tissue  by  the  Moscana  method  to  study  the  effect  on 
factors  governing  cellular  differentiation  and  aggregation  is 
being  investigated  by  Dr.  Levine. 

Studies  in  physico-chemical  aspects  of  semipermeable 
membranes  have  been  pursued  by  Drs.  Sollner^  Caplan,  Shean  and 
James  with  the  findings  that  self-exchange  and  allo-exchange  of 
ions  can  be  very  satisfactorily  described  by  current  theoretical 
treatments  devised  here.   A  new  approach  in  the  study  of  perm- 
selective  cation  exchange  membranes  has  centered  on  the  pronounced 
frequency  dependence  of  the  resistance  of  such  membranes.   In  the 
case  of  highly  charged  membranes,  new  light  has  been  thrown  on 
the  anomalies  which  classical  and  current  theory  cannot  resolve. 
The  inclusion  of  the  "contractile  effect"  of  polyelectrolytes  in 
such  considerations  can  Improve  the  rationalization  of  procedures 
which  otherwise  give  such  anomalous  results.   Studies  on  non- 
structural, homogeneous  ("oil")  membranes  are  underway  showing 
much  greater  ionic  selectivities  and  reaction  rates  than  pre- 
viously described. 

In  another  area  of  Molecular  Biophysics  the  investigation 
of  macromolecular  organization  of  substances  of  biological 
Interest  is  under  study  through  electron  microscopy  and  x-ray 
diffraction  by  Dr.  Labaw  and  Mr.  Mosely.   They  have  shown  that  in 
the  study  of  fine  structure  it  is  possible  to  see  striated  images 
from  periodic  objects  in  which  the  period  may  be  one-half,  equal, 
or  twice  the  actual  period  of  the  object.   Definition  of  the 
conditions  producing  such  phenomena  has  been  accomplished  for 
some  organic  substances  in  an  attempt  to  facilitate  the  correct 
interpretation  of  such  fine  structure  images,  particularly  those 
near  the  limit  of  resolution. 
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studies  In  Physical  Biochemistry  have  continued  the 
analysis  of  the  various  phenomena  concerned  with  the  relationship 
of  structure  and  function  at  the  molecular,  cellular,  and  organ 
level.   Dr.  Lakl  and  his  group  continue  to  analyze  the  mechanical, 
chemical,  and  energetic  factors  In  the  special  protein  complexes 
that  account  for  the  unique  behavior  of  muscle,  blood  clotting  ard 
a  number  of  allied  systems  In  which  the  Interconverslon  of  energy 
and  structure  takes  place  through  highly  specialized  properties 
of  discrete  parts  of  oftentimes  huge  molecular  aggregates. 
Muscle  Is  one  example  of  a  number  of  biological  transducers  which 
has  received  much  study  here  but  other  aspects  such  as  the  mode 
of  action  of  enzymes  are  actively  being  pursued  as  In  the  case  of 
thrombin,  carboxypeptidase  A,  B,  myosin  ATPase,  and  others.   In 
addition,  the  phenomena  of  the  polymerization  of  proteins  has 
remained  of  Interest  since  It  lends  Insight  on  the  formation  of 
networks  which  merge  Into  the  visible  structures  which  can  be 
directly  observed. 

It  was  found  by  Dr.  Bowen  that  In  glycerol  treated  muscle 
fiber  ADP  and  phosphate  Ion  suppress  the  work  done  by  fiber- 
bundles  In  ATP  Induced  contractions  but  that  this  Is  less  effec- 
tive than  the  suppression  of  ATP  splitting  by  homogenized  fiber. 
He  also  showed  that  the  diffusion  of  ATP  In  fiber  bundles  could 
be  determined  by  measuring  the  extra  tension  developing  In 
various  sized  bundles  of  ATP  tensed  muscle  on  the  addition  of  ADP. 

Studies  on  myosin  by  Dr.  Carroll  show  that  free  diffusion 
measurements  of  dog  heart  myosin  correspond  to  Inhomogenlous 
material  In  both  normal  as  well  as  falling  hearts  and  the  deduced 
molecular  weight  (5.0.x  105)  must  therefore  be  considered  an- 
average  value.   Dr.  Lakl  found  that  tryptic  digestions  of  myosin 
showed  "fingerprints"  In  which  the  count  of  arglnlne  containing 
spots  gave  an  estimate  of  a  minimal  molecular  weight  In  the 
neighborhood  of  2.0  x  105.   Such  a  weight  Indicates  multiple 
aggregation  Into  larger  myosin  molecules  through  orderly  side  to 
side  and  end  to  end  associations. 

Drs.  Stewart  and  Bowen  showed  by  labeling  techniques  that 
Inorganic  phosphate  binding  Is  present  In  myosin  ATPase  but  find 
that  It  Is  probably  not  a  contributing  factor  to  the  high  Initial 
rate  of  action. 

The  dissection  of  myosin  Into  three  distinct  components  by 
specific  chemical  reagents  has  been  used  by  Drs.  Komlnz  and 
Carroll  In  studying  the  mode  of  synthesis  and  structure  of  this 
protein.   Comparative  studies  are  In  progress. 

In  studies  on  F-actln,  Dr.  Lakl  has  found  by  using  labeled 
ATP  that  F-actln  binds  only  one  ADP  molecule  but  a  varying  number 
of  Inorganic  phosphate  molecules  depending  on  the  concentration 
of  phospha,te  In  the  medium. 
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The  equilibrium  constant  for  dlmerlzatlon  of  human  mercap- 
talbumln  with  mercury  or  mercurials  was  shown  by  Dr.  Simpson  to 
have  a  value  two  orders  of  magnitude  smaller  than  formerly 
estimated  and  that  this  presented  an  Interference  problem  In 
reactions  with  other  cations. 

In  the  study  of  flbrln-flbrlnogen  transformation.  Dr. 
Gladner,  In  cooperation  with  Dr.  Folk  of  NIDR,  showed  that  the 
complete  sequence  of  amino  acids  In  peptide  B  of  co-flbrln  Is: 
N- ac  e  ty . thr e . gl y . phe . pro . asp . ty r . So  4 . asp . glu . gly . gl y . asp . asp . arg . 
pro . lys . val . gly . leu . gly . ala . arg . 

They  also  have  shown  that  very  highly  purified  carboxypeptldase  B 
from  pig  pancreas  has  a  molecular  weight  of  S'^jOOO  and  that  It 
contains  one  gram  atom  of  zlne  per  mole  of  the  enzyme.   It  con- 
sists of  a  single  polypeptide  chain.   Dr.  Carroll  showed  that 
pyruvate  and  a-ketoglutarate  dehydrogenatlon  complexes  from 
Escherichia  coll  are  large  multlenzyme  units  of  4.8  and  2.4 
million  grams,  resp.,  capable  of  carrying  out  a  series  of  re- 
actions Involving  several  coenzymes. 

In  the  -field  of  amino  acid  analysis  a  new  approach  has 
been  successfully  made  by  Dr.  Saroff  In  collaboration  with 
Dr.  Karmen  of  NHI  by  the  adaptation  of  gas  chromatography.   The 
key  to  this  success  was  the  preparation  of  N-trlfluoroacetylmethyl 
esters  of  the  amino  acids.   The  method  has  yielded  good  results 
with  valine,  methionine,  serine,  glutamic  acid,  phenylalanine, 
hydroxyprollne  and  cystine. 

Drs.  Irreverre  and  Viswanatha  have  established  the  presenos 
of  hydroxylyslne  in  trypsin  and  also  detected  it  in  chymotrypsln. 
Dr.  Irreverre  found  that  an  interesting  a-amino  acid,  homocltrul- 
llne,  was  present  in  the  urine  of  Infants.   It  is  not  found  in 
adults  or  older  children. 

Physiological  studies  which  range  from  mammalian  species 
through  Invertebrates  form  a  varied  approach  te)  the  effects  of 
environmental  and  other  physical  factors  on  biologic  functions. 
A  continuation  of  Dr.  Park's  investigation  of  the  cyclical 
phenomenon  of  gonadal  development  in  fresh  water  Hydra  shows  that 
it  is  independent  of  population  density  over  a  25-fold  range  but 
budding  is  Inversely  related  to  crowding.   The  effect  of  environ- 
mental factors  either  directly  or  via  secondary  mechanisms  is 
being  further  Investigated. 

Studies  on  the  biochemical  transformations  during  insect 
metamorphosis  by  Dr.  Levenbook  have  shown  that  blood  citrate 
titers  found  in  larvae  of  17  species  are  hr'.gh  before  metamor- 
phosis but  fall  steeply  during  this  stage  only  to  increase  to  a 
peak  during  mid-pupal  life  before  the  decline  to  adult  levels. 
Dr.  Buck  has  shown  by  studies  of  response  latency  that  the  neuro- 
effector  linkage  of  the  firefly  lantern  has  three  steps  In 
electrical  stimulation.   This  is  viewed  as  involving  a  conventional 
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neural  conduction  at  adequate  stimulation  levels;  an  excitation 
of  an  Intermediate  unit  at  higher  stimuli,  probably  the  tracheal 
end-cell,  which  can  be  considered  analogous  to  the  motor  end 
plate  of  muscle;  and,  third,  a  direct  excitation  of  the  photocyte. 
Dr.  Kelster  has  shown  that  blowfly  adults  are  able  to  maintain 
respiration  at  hypoxic  levels  lower  than  possible  for  larvae  or 
pupae  but  that  In  all  stages  temperature  and  hypoxia  Influence 
both  normal  and  basal  metabolism  In  a  parallel  manner. 

Studies  on  the  effect  of  hypoxia  In  higher  forms  have  been 
carried  on  by  Dr.  Altland  as  In  the  past  and  are  directed  to  the 
effects  on  the  blood  and  circulatory  tissues.   In  collaboration 
with  Dr.  Hlghman,  It  has  been  shown  that  hypoxia  plays  a  recog- 
nizable role  In  the  experimental  production  of  pulmonary  arterio- 
sclerosis and  In  calcium  deposition  In  atherosclerotic  lesions 
In  the  aorta  and  pulmonary  vessels.   These  lesions  are  correlated 
with  very  high  serum  cholesterol  values  In  cholesterol-fed  rabbits 
exposed  to  high  altitudes.   Altitude  tolerance  studies  In  chickens 
show  that  they  have  a  lower  tolerance  than  any  small  warm  blooded 
animals  previously  studied.   The  altitude  exposure  of  dogs  results 
In  an  Increase  In  certain  serum  enzymes  beyond  normal  levels 
revealing  a  hitherto  unexplored  physiological  mechanism  Involved 
In  hypoxic  stress.   In  conjunction  with  Dr.  F.  Smith,  NCI,  it  was 
discovered  that  there  is  an  Increase  in  the  titer  of  antisheep 
erythrocyte  hemolysin  in  rats  exposed  to  high  altitude  and  it  is 
felt  that  this  may  provide  a  new  experimental  method  for  increas- 
ing other  antibody  titers. 

Studies  on  the  circulatory  reaction  of  sensitive  mammalian 
species  to  plasma  expanders  by  Dr.  L.  Marshall  have  shown  that 
moderate  doses  of  dextran  increase  the  incidence  of  fatal  insulin 
convulsions  in  rats  while  a  larger  dose  is  protective.   A 
relation  to  the  significant  hyperglycemia  found  in  the  latter 
under  conditions  of  consciousness  may  be  inferred.   During  pento- 
thal  anesthesia  such  a  hyperglycemia  is  greater  than  in  conscious 
rats  and  this  coupled  with  the  reported  finding  that  high  blood 
glucose  suppresses  dextran  reactions,  and  the  previously  found 
vasodepresslon  enhancement  through  pentobarbital  may  explain  why 
the  lack  of  demonstrable  reactions  to  dextran  are  seldom  seen 
under  anesthesia  in  rats.   It  was  shown  that  after  insulin,  vaso- 
depresslon followed  intravenously  administered  dextran  in  rats 
but  less  severely  than  in  normals.   Similar  relations  are  observed 
in  edema  formation,  but  hematocrit  values  show  that  after  insulin 
treatment  there  may  be  greater  generalized  fluid  loss  to  the 
tissues  than  in  the  so-called  "target  areas"  in  which  it  seems  to 
be  reduced.   In  dogs  receiving  Insulin  there  is  seen  an  attenuated 
reaction  to  polyvlnyl-pyrrolldone  (PVP)  given  intravenously. 
Under  pentobarbital  anesthesia,  the  rise  in  blood  sugar  following 
PVP  injection  is  no  greater  than  when  conscious,  correlating  with 
earlier  findings  that  this  anesthesia  Introduces  no  alteration 
in  reaction. 
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The  section  has  also  continued  some  work  on  pulmonary 
physiology  and  currently  Dr.  Specht  and  Mr.  Brubach  are  studying 
the  use  of  heavy  gas  mixtures  for  demonstrating  the  efficiency  of 
lung  ventilation  and  In  a  new  application  of  Archimedes  principle 
for  determining  the  density  of  the  body  by  this  heavy  atmosphere. 
The  latter  method  Is  alternative  to  and  perhaps  more  sensitive 
than  current  clinical  procedures. 

LABORATORY  OF  CHEMISTRY 

Medicinal  Chemistry.-  Work  has  continued  on  the  synthesis 
of  analageslc  drugs.   The  analgesic  drug  Phenazoclne  (NIH  7519) 
developed  In  recent  years  through  the  work  of  this  section  Is  now 
In  clinical  use  for  Injection  as  Prlnadol  (Smith,  Kline  &  French 
Labs.)  In  this  country  and  as  Narphen  (Smith  &  Nephew,  Ltd.)  In 
England.   Studies  In  our  laboratories  Indicate  a  broad  spectrum 
of  clinical  utility  for  oral  preparations  and  marketing  of  an 
oral  form  seems  Imminent.   (Drs.  Eddy,  Cochin  and  May) 

The  benzomorphan  class  of  compounds  continue  to  show  high 
analgesic  potency  and  low  physical  dependence  capacity  In  monkeys. 
One  of  the  more  Interesting  benzomorphans  under  study  has  shown 
excellent  carryover  of  paln-rellef  from  mouse  to  man.   In  this 
series,  compounds  In  which  the  5  a.nd  9  alkyl  groups  are  trans 
(equatorial- equatorial),  are  at  least  10  times  more  active  than 
the  much  more  readily  obtainable  cls_- counterparts.   (Drs.  N.  B. 
Eddy  and  E.  L.  May) 

A  new  -and  Improved  synthesis  (Dr.  E.  M.  Fry)  of  the  benzo- 
morphan class  of  neuropharmacologlc  agents  has  been  developed. 
This  synthesis,  a  3-step  sequence  starting  from  pyridine  alkohal- 
Ides,  Is  based  on  the  1,2-shlft  of  the  benzyl  or  substituted 
benzyl  group  of  1, 2,5j6-tetrahydropyrldlne  quaternaries  (Stevens 
rearrangement)  and  Is  particularly  applicable  to  4-substltuted  and 
unsubstltuted  pyridines  not  otherwise  practicably  amenable  to  a 
benzomorphan  synthesis.   By  this  new  method  and  by  the  Grewe 
procedure,  a  new  (5,9-dlethyl )  benzomorphan  and  Its  dlastereo- 
Isomer  at  C-9  (the  latter  In  minute  yield)  have  been  synthesized 
from  3,4-aiethylpyrldlne.   (Dr.  E.  L.  May  and  Mr,  J.  H.  Ager) 

There  has  been  further  demonstration  of  the  Importance  of 
electrical  effects  In  the  stereochemical  control  of  addition  of 
H-H  and  CHq-H  to  the  carbonyl  group  of  9-oxobenzomorphans. 
Either  possible  dlastereoisomeric  carblnol,  to  the  exclusion  of 
the  other,  may  be  obtained  depending  on  whether  the  proximate 
nitrogen  Is  quaternary  or  tertiary  (-).   These  carblnols  (analogs' 
of  l4-hydroxydlhydrocodelnone  and  morphlnone)  and  particularly 
their  0-acetyl  derivatives  are  potent  analgesics.   (Dr.  Sellchl 
Salto  and  Dr.  E.  L.  May) 
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Codeine  has  been  transformed  by  an  interesting  sequence  of 
reactions  Into  an  analog  of  phenazoclne  containing  a  morphlne- 
llke  oxygen  bridge.   Continued  research  on  the  analogs  (at  the 
ester  function)  of  acetyl  choline  has  revealed  that  when  nitrogen 
Is  dlphenethyl  substituted,  maximum  analgesic  activity  is  seen 
with  the  acetyl.   In  a  5-step  synthesis  an  analog  in  which  one  of 
the  N-phenethyl  groups  was  replaced  by  P-ACOC5H4COCH2  was  obtained, 
although  its  isolation  was  complicated  by  its  remarkable  sensi- 
tivity to  solvolytic  cleavage.   (Dr.  J.  G.  Murphy) 

In  the  immunochemical  field  vinylglucoside  (via  the  Hofmann 
elimination  reaction)  and  p- hydroxys tyrene  have  been  synthesized 
and  preliminary  polymerization  and  copolymerlzatlon  studies 
performed.   It  is  believed  that  such  polymers  and  copolymers  may 
serve  as  the  backbone  for  attachment  of  determinant  groups  in  the 
total  syntheses  of  antigenic  substances.   (Mr.  T.  D.  Perrlne) 

It  has  been  found  that  thyroxin  will  significantly  depress 
N-deraethylase  activity  when  given  once  a  day  at  0.5-0 .75  micro- 
grams per  kilogram  of  rat  over  a  thirty  day  period  and  4  mg./kg. 
of  morphine  administered  twice  dally  for  one  week  results  in 
significant  reduction  of  N-demethylase  activity.   The  longer  the 
drug  is  given,  the  lower  the  dose  at  which  one  sees  significant 
reduction.   (Dr.  J.  Cochin) 

Carbohydrates-  Further  studies  of  the  sugars  in  the 
avocado  and  Sedum  species  have  shown  that,  in  addition  to  the 
D-glycero-D-manno-octulose  reported  earlier,  the  avocado  contains 
a  second  octulose  and  also  two  nonuloses.   Sedum  extracts  also 
appear  to  contain  a  second  octulose  and  the  same  two  nonuloses. 
Nine-carbon  sugars  have  not  heretofore  been  encountered  in  nature. 
(Drs.  Richtmyer  and  Sephton) 

Condensation  of  products  formed  from  glycosides  by  perio- 
date  oxidation,  followed  by  reduction,  yields  the  glycosides  of 
aminosugars.   By  this  route  kanosamlne,  3-amlno-3-deoxy-D-glucose, 
the  sugar  moiety  in  the  antibiotic  kanamycln,  was  synthesized. 
(Dr.  H.  H.  Baer) 

P-Sedoheptitol  (P-glycero-D-gluco-heptitol)  has  been  con- 
densed with  formaldehyde  and  the  structure  of  the  resulting 
trl-0-methylene  derivative  has  been  proved  to  be  1, 3: 2,4: 5,7-trl- 
O-meThylene-D-glycero-D-gluco-heptitol  .   (Mr.  E.  Zlsls) 

Tile  synthesis  of  1.- substituted  aldoses  through  the  reaction 
between  1-thlo-aldose  derivatives  and  various  heavy  metal  salts, 
a  process  discovered  here  last  year,  has  been  investigated  from 
various  aspects.   One  result  of  this  work  is  the  discovery  of  a 
wholly  new  synthesis  of  2-deoxyribose  nucleosides.  (Dr.  Pedersen) 
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Methods  for  the  synthesis  of  labile  1-acylaldoses  have  been 
explored.   Among  other  pathways,  that  through  fully  benzylated 
aldofuranosyl  halldes  has  been  investigated,  with  the  D-ribo- 
furanose  and  L-arabinose  series  as  examples.   (Dr.  R.  Barker) 

The  discovery  that  the  disaccharide  sophorose,  2-0-P-D- 
glucopyranosyl-D-glucose,  is  a  contaminant  in  U.S. P.  dex'frose  and 
also  a  potent  inducer  for  the  formation  of  at  least  one  enzyme 
has  directed  attention  to  this  rare  sugar.   In  order  to  make  the 
substance  available  for  biochemical  research,  a  synthesis,  giving 
the  sugar  in  30^  yield,  was  evolved.   (Dr.  B.  Coxon) 

Metabolites.-  The  program  on  the  development  of  non- 
enzymatic  methods  for  the  cleavage  of  peptide  bonds  in  proteins, 
peptide  hormones  and  enzymes  at  present  occupies  the  majority  of 
the  members  of  the  Section  on  Metabolites.   With  a  two-fold  aim 
in  mind  independent  methods  for  "auditing"  primary  sequences  of 
proteins  established  by  the  "accounting  method"  of  overlapping 
sequences  of  tryptic  peptides  have  been  developed  and  the 
selectivity  of  the  chemical  agents  employed  has  been  utilized  to 
modify  enzymes  and  proteins  and  to  correlate  chemical  reactivity 
of  special  functional  groups  or  centers  with  the  secondary  or 
tertiary  structure  of  the  protein. 

The  most  important  discovery  made  during  the  year  I96O  in 
this  area  was  the  selective  cleavage  of  peptide  bonds  next  to 
methionine,  which  was  initially  accomplished  by  addition  of  alkyl 
halides  to  yield  tertiary  alkylmethionine  sulfonium  derivatives 
which,  on  heating  in  aqueous  solution,  broke  down  under  cleavage 
with  release  of  an  N- terminal  peptide  and  a  peptide  with  C- 
terminal  homoserine(lactone) .   (Drs.  Lawson,  Gross  and  Foltz) 

A  major  improvement  was  the  discovery  of  cyanogen  bromide ' 
as  the  agent  of  choice  for  cleaving  methionine  peptides  at  room 
temperature.   In  this  case  the  intermediate  methionine  cyanosul- 
fonium  salt  breaks  down  by  an  intramolecular  process  smoothly  and 
rapidly  at  neutral  or  acidic  pH  to  yield,  in  addition  to  the 
aforementioned  peptide  fractions,  methyl  thiocyanate  which  was 
assayed  by  gas  chromatography.   (Dr.  E.  Gross) 

The  new  methionine  cleavage  has  been  applied  to  bovine 
pancreatic  ribonuclease.   The  formation  of  a  novel  heptadeca- 
peptide,  a  chemical  tail  peptide  (in  contrast  to  the  enzymatic 
20-residue  S-peptide  produced  by  the  action  of  subtilisin)  was 
observed  which  had  the  original  N- terminal  lysine  in  addition  to 
a  C- terminal  homoserlne(lactone) .   By  electrophoretic  separation 
and  by  dinitrophenylation  technique  the  topography  of  the  cleavage 
of  the  4  peptide  bonds  next  to  the  4  methionines  in  ribonuclease 
has  been  determined.   In  the  light  of  these  new  results,  the 
standing  controversy  between  the  Rockefeller  Institute  and  the 
National  Heart  Institute  on  the  positions  of  glutamic  acid  and 
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serine  occurring  either  in  positions  l8  or  11  has  been  answered 
for  native  rlbonuclease  in  favor  of  position  11  for  glutamic  acid, 
the  position  favored  by  Anfinsen  and  his  group.   (Dr.  E.  Gross) 

Preliminary  results  on  the  application  of  cyanogen  bromide 
to  the  g-chain  of  human  hemoglobin,  which  contains  2  methionines, 
have  been  obtained  in  collaboration  with  W.  Konigsberg  of  the 
Rockefeller  Institute  and  point  to  successful  and  selective 
cleavage.   (Dr.  E.  Gross) 

Work  on  the  structurally  extremely  difficult  cyclic  anti- 
biotic gramicidin-A,  containing  over  kOffo   tryptophan,  has  been 
continued  and  put  on  a  more  secure  basis  by  the  preparation  of 
60  grams  of  the  pure  gramlcidin-A  in  collaboration  with  the 
Research  Laboratories  of  the  Schering  Corp.  in  Bloomfield,  N.  J. 
(Drs.  S.  Ishii  and  E.  Gross) 

Selective  oxidation  of  all  the  trjrptophans  in  gramicidin 
and  selective  partial  cleavage  of  peptide  bonds  next  to  tryptophan 
has  been  achieved  by  the  use  of  N-bromosuccinlmide  in  alcoholic 
aqueous  solution  in  yields  approximating  50^ •   Countercurrent 
distribution  of  the  reaction  mixture  gave  ethanolamine  as  the 
major  water-soluble  fragment  and  at  least  3  lipophilic  ninhydrin- 
positive  fragments  of  lac tonic  character,  one  of  which  was  further 
purified  by  reverse  phase  paper  chromatography.   (Dr.  E.  Gross) 

In  extension  of  the  investigation  on  the  action  of  N- 
bromosucclnimide  on  trypsinogen  and  its  derivatives  T.  Viswanatha, 
LPT-NIAMD,  and  W.  B.  Lawson  made  a  similar  study  of  the  action  of 
.N-bromosuccinimide  on  chymotrypsin.   In  addition  to  the  oxidation 
of  tryptophan  residues,  one  of  the  tyrosine  residues  is  also 
affected  by  treatment  of  the  protein  with  N-bromosuccinimide 
under  the  conditions  employed  in  these  studies.   The  oxidative 
modification  of  the  enzyme  resulted  in  a  loss  of  catalytic 
activity  toward  typical  protein  and  ester  substrates.   Such 
partially  inactivated  enzymes  still  possessed  the  ability  to 
incorporate  phosphoryl  or  acetyl  groups  upon  reaction  with  diiso- 
propyl  phosphofluoridate  or  p-nitrophenyl acetate  respectively. 
Oxidation  of  chymotrypsin  with  N-bromosuccinimide  seems  to  retard 
both  the  acylation  and  deacylation  steps  in  the  catalytic  process 
without  affecting  the  K^  value.   A  direct  measurement  of  the  rate 
of  deacetylatlon  of  C^^-acetyl  chymotrypsin  has  been  made. 

Contrary  to  data  previously  reported  from  other  laborator- 
ies, the  oxidative  splitting  of  tyrosyl-cystelne  bonds  has  been 
achieved  in  high  yield.   The  N-bromosuccinimide  method,  when 
applied  to  S-carboxymethylribonuclease,  gave  consistently  higher 
yields  than  with  the  intact  enzyme.   Conditions  for  the  differ- 
ential cleavage  of  tryptophyl  and  tyrosyl  peptide  bonds  with  N- 
bromosuccinimide  have  been  worked  out  for  mixtures  of  tryptophyl 
and  tyrosyl  model  peptides.   (Drs.  J.  G.  Wilson  and  L.  A.  Cohen) 
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with  regard  to  the  difficult  task  ofufclllzlng  the  Imidazole 
ring  of  hlstldlne  as  a  potential  functional  group  for  neighboring 
group  effects  that  may  labilize  and  cleave  C-histidyl  peptide 
bonds  some  progress  has  been  made.   The  easily  removable  N- 
toluenesulfonyl  group  attached  to  imidazole  makes  it  stable  to 
oxidative  degradation.   In  the  N-bromosuccinimide  cleavage  of  S- 
carboxymethylrlbonuclease  the  oxidative  cleavage, of  a  histldyl- 
phenylalanlne  bond  is  a  possibility.   (Drs.  Wilson  and  Cohen) 

A  great  number  of  model  peptides  containing  hydro xyproline, 
an  Important  building  stone  of  collagen^  have  been  synthesized 
(Dr.  J.  Francis)  and  investigated  with  regard  to  conditions  for 
non-enzymatic  cleavage.   In  the  course  of  this  investigation^  a 
large  body  of  data  on  the  fundamental  reaction  mechanisms  of 
peptides  derived  from,  cyclic  and  open  7-  and  5-hydroxy  and 
unsaturated  amino  acids  have  been  accumulated.   The  study  of  N- 
tosyl  and  N-benzoyl-allyl-  and  -methylallylglyclne  amides  and 
peptides  has  contributed  to  an  understanding  of  the  mechanism  of 
the  iminolactonization  reaction  observed  with  N-bromosuccinimide 
in  phosphate  buffer  at  pH  7-   (Dr.  N.  Izumiya) 

As  an  outgrowth  of  the  studies  on  hydro xyproline  its  dehy- 
dration product  3j^-dehydroprolinej  which  is  not  accessible  from 
hydroxyprollne,  has  been  synthesized  by  reduction  of  pyrrole-a- 
carboxamide  with  phosphonium  iodide  in  fuming  hydriodlc  acid. 
The  amide  of  this  new  amino  acid  is  optically  unstable.   This  has 
led  to  an  unprecedented  combination  of  enzymatic  resolution  with 
asymmetric  transformation.   This  amide  was  resolved  by  leucine 
amino  peptidase  of  hog  kidney.   Ammonia  was  liberated  from  the 
amide  and  the  optically  active  L-amino  acid  was  formed  in  yields 
substantially  greater  than  the  theoretically  possible  50^  of 
L-isomer.   Evidently  yields  of  100^  of  L-isomer  were  formed  which 
under  the  conditions  of  enzymatic  resolution  partially  reverted 
to  racemlc  material.   This  type  of  resolution  presents  the  kind 
of  model  which  has  been  discussed  but  never  realized  in  theories 
dealing  with  the  origin  of  life  and  optically  active  matter  in 
nature  where  normally  100^  of  L-amlno  acids,  but  as  a  rule  no 
D-forms,  exist.   (Dr.  A.  V.  Robertson) 

In  collaboration  with  the  Laboratory  of  Clinical  Biochem- 
Istryj  NHI,  a  new  spectrophotometric  assay  method  for  L-amino 
acid  oxidase  from  snake  venom,  has  been  developed  based  on  the 
quantitative  conversion  of  3j4-dehydroproline  to  the  sti-ongly 
absorbing  pyrrole- 2-carboxyllc  acid  by  this  enzyme.  (Dr.  Robertson) 

In  collaboration  with  New  England  Nuclear  Corp.  L-prollne- 
3,4-h3  has  been  made  available  to  biochemists  for  metabolic 
studies.   There  has  always  been  a  great  need  for  such  a  selectively 
trltiated  optically  pure  proline.   (Dr.  Robertson) 
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In  collaboration  with  the  Laboratory  of  Clinical  Biochem- 
istry and  Dr.  E.  Katz,  Special  Pdlow  from  mtgers  Univ.,  the 
modification  of  actinomycin  through  addition  of  dehydroproline 
and  many  of  its  derivatives  to  the  culture  mediim  of  Strep tomyces 
griseus  is  being  investigated.   The  aim  in  this  study  is  the 
elaboration  of  less  toxic  and  more  carcinostatlc  actinomycins 
and  to  gain  more  information  on  the  enzymes  that  incorporate  such 
foreign  amino  acids  as  pipecolic  acid,  azetidlnecarboxylic  acid, 
etc.  into  the  peptide  part  of  actinomycin.   (Dr.  Robertson) 

In  collaboration  with  Dr.  A.  Berger;,  The  Weizmann  Inst,  of 
Science,  Rehovot,  Israel,  poly-3,4-dehydro-L-proline  has  been 
made  by  polymerization  of  N-carboxy- 3, 4-dehydro-L-proline  anhy- 
dride.  The  residue  rotation  and  mutarotation  of  this  polymer  was 
determined  and  compared  with  those  of  poly-L-proline,  which  is 
assumed  to  have  a  right-handed  helical  configuration  in  solution. 
(Dr.  Robertson) 

A  simple  qualitative  visual  test  for  the  detection  of 
monamine  oxidase  in  tissue  slices  has  been  developed]  it  is 
based  on  the  slow  conversion  of  dehydronorkynuramine  to  indigo  by 
oxidative  deamination  and.  intramolecular  cycllzation  to  indoxyl 
which  is  rapidly  autoxidized  to  indigo,  whose  substantivity 
without  addition  of  further  aromatic  substituents  is,  however, 
not  sufficient  for  a  useful  histochemical  staining  method. . 
(Dr.  y.  Kanaoka) 

In  cooperation  with  Dr,  Axel  rod,  NIMH,  studies  on  catetjhol- 
0-methyl transferase  and  on  the  equilibrium  with  the  products 
arising  from  the  action  of  microsomal  O-demethylase  have  been 
carried  into  the  mescaline  series  utilizing  as  substrates  mescaline 
mescalol  and  mescalone  on  the  one  hand,  and  derivatives  of  3,4,5- 
trihydroxyphenethyl amine  on  the  other  hand.   So  far  4  partly 
phenolic  metabolites  of  mescaline  have  been  observed  and  identi- 
fied by  synthesis.   The  pharmacological  aspects  of  these  metabo- 
lites are  being  worked  out  in  cooperation  with  the  Sterling- 
Win  throp  Research  Institute.   (Dr.  J.  Daly) 

In  collaboration  with  the  Laboratory  of  Clinical  Biochem- 
istry, the  mechanism  of  the  action  of  monamine  oxidase  is  being 
investigated.   It  has  been  found  in  this  cooperative  investigation 
that  dimethyl tryptamine  N-oxide  is  degraded  by  monamine  oxidase 
at  a  rate  significantly  depending  on  the  partial  pressure  of 
oxygen  present.  (Dr.  Y.  Kanaoka) 

In  collaboration  with  Regis  Chemical  Company,  Chicago,  and 
aided  by  a  special  grant  from  Psychopharmacology,  kynuramlne 
dihydrobromide  has  been  made  available  to  clinical  and  biochemical 
laboratories  as  the  standard  substrate  of  choice  for  the  rapid 
and  routine  spec tropho tome trie  assay  of  monamine  oxidase.   By  the 
same  arrangement  homocamosine,  the  new  peptide  of  /-aminobutyric 
acid  with  L-histidine,  which  has  been  isolated  from  brain  tissue 
inthe  Laboratory  of  Clinical  Biochemistry,  has  been  made  available 
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in  research  quantities.   Similarly,  serotonin  as  the  crystalline 
acid  oxalate,  has  for  the  first  time  been  made  available  to  bio- 
chemists and  clinicians  with  none  of  the  drawbacks  that  the 
previous  serotonin-creatinine  complex  had. 

In  collaboratiDn  with  Dr.  S.  L.  Priess  and  Chief  Durant  of 
the  Naval  Medical  Center  the  labilization  of  ester  bonds  ii?. 
aminocyclitol  derivatives  has  been  further  investigated.  The 
symmetric  and  asymmetric  di-  and  tri-0-acetates  of  N,N'-tetramethyl- 
2-deoxystreptamine  have  been  ssmthesized,  purified  and  subjected 
to  kinetic  analysis  of  their  hydrolysis  rates.   A  combination  of 
field,  charge- transfer  and  overall  conformational  effects  combine 
to  impart  to  some  of  these  esters  a  lability  which,  iMith  a  half- 
life  time  of  19  minutes,  surpasses  that  of  p-nitrophenyl  acetate 
by  more  than  100  times.   These  models  deserve  consideration  in 
connection  with  model  substrates  for  cholinesterase.  (Drs.  Kny 
and  Daly) 

Cooperative  studies  with  the  Laboratory  of  Clinical  Bio- 
chemistry, NHI,  on  the  mechanism  of  hydroxylation  of  dopamine  to 
no repinephrine ,  and  of  tyramine  to  octopamine  utilizing  selectively 
tritiated  precursors  have  yielded  evidence  for  the  existence  of  an 
enzyme- substrate  intermediate  in  which  the  tritium  atoms  at  the 
methylene  group  next  to  the  aromatic  nucleus  exchange  with  the 
solvent.   The  elaboration  of  this  phenomenon  into  a  quantitative 
assay  for  dopamine-p-oxidase  (norepinephrine  synthetase)  is  in 
progress.   (Dr.  Y.  Kanaoka) 

In  collaboration  with  the  Laboratory  of  Clinical  Biochem- 
istry procedures  have  been  developed  for  the  detection  of 
inhibitors  of  monamine  oxidase  in  vitro  and  in  vivo  and  for  the 
determination  of  the  duration  of  their  central  and  peripheral 
action.   These  procedures  have  been  applied  to  the  detection  and 
study  of  several  new  classes  of  inhirbitors.   (Dr.  M.  Ozaki) 

It  has  been  demonstrated  in  several  studies  that  the 
presence  of  tertiary  butyl  groups  ortho  to  a  phenol  greatly 
increases  the  contribution  of  dienone  structures  to  the  resonance 
hybrid.   The  effect  of  such  a  difference  on  spectral  and  ioniza- 
tion properties  has  been  reported  as  well  as  changes  in  the  rate 
of  several  reactions.   Stable  phenolic  hypobromites  have  been 
detected  and  methods  have  been  elucidated  for  stabilizing  free 
radical  intermediates  analogous  to  those  occurring  in  the  bio- 
synthesis of  thyroxine.   (Dr.  L.  A.  Cohen  and  Mr.  W.  B.  Jones) 

Steroids.-  Anthrasteroid  rearrangement:   The  two  isomeric 
anthrasteroid  alcohols  (acid  catalyst,  p- toluene sulfonic  acid'HgO) 
have  the  secondary  hydroxyl  in  ring  A  (either  position  2  or  3); 
dehydroxylation  leads  to  hydrocarbons  isomeric  at  C]_i|;  the 
mechanism  accommodating  the  formation  of  these  isomers  must  be 
complex  and  is  at  present  completely  obscure.   By  rearrangement 
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of  3-desoxydehydroergosterol,  depending  on  the  conditions,  either 
the  iHa-   or  the  l4p-anthraergostatrlene  is  formed.   Finally  and 
most  surpri singly ;,  the  l4a-  anthraergostatrienol  acetate  (as  only 
product)  was  obtained  by  boiling  dehydroergosterol  in  acetic  acid. 
(Dr.  0.  Tanaka  and  Mr.  J.  Steele) 

Thiol  analogs  of  cortlcolds:   A  new  method  for  converting 
thiocyanoderlvatlves  to  thiols  via  the  acetyldlthiocarbamates  has 
been  developed  and  applied  to  3a7^a-oxido-lip-thiocyano-5P- 
androstan-3P-ol-17-one-3-methylether  and  the  corresponding 
corticoid.   (Dr.  Y.  Ueda) 

Stevioslde:   The  only  uncertainty  left  in  the  structure  of 
stevloslde  is  the  position  of  the  carboxylic  group,  i.e.,  whether 
at  Ci|  or  Cio-   Experiments  are  being  conducted  to  degrade  the  two 
dl  hydrostevlols  to  the  corresponding  13-desoxy  primary  alcohols 
and  to  compare  these  directly  with  the  analogous  degradation 
products  from  DJerassi's  cuauchlclclne.  (Dr.  U.  Beglinger) 

Steroidal  Alkaloids:   The  four  possible  C22^C25-solanidan- 
3-ones  have  been  prepared.   A  new  method  with  commercial  potential 
has  been  developed  for  the  conversion  of  solasodine  to  pregnadi- 
enolone  via  the  pyridine  hydrochloride  Isomerizatlon.   Solasodine 
and  tomatldine  have  been  converted  via  the  "oximino  ketones"  to 
the  respective  blsnorcholenic  and  blsnorcholanic  acid  l6  — ->  22 
lactones,  of  possible  value  as  aldosterone  antagonists. 
(Drs.  Sato  and  Ikekawa) 

Steroid  analysis:   A  method  has  been  developed  for  rapid 
and  accurate  plating  of  radioactive  steroid  fractions.   A  fully 
automatic  steroid  analyzer  has  been  constructed  and  is  undergoing 
final  testing.   Major  points:   Preadjustment  for  any  desired 
ratio  of  elutlon  solvents;  automatic  determination  of  the  adrenal 
cortlcolds  by  U.V.  absorption  and  reducing  power;  recording  of 
results  on  a  strip  chart.   (Drs.  Johnson. and  Heftmann) 

Adrenal  cortical  hormones  in  rat  adrenal  tumor  tissue: 
While  in  the  normal  rat  adrenals  cortlcosterone  and  aldosterone 
are  the  end  products  of  metabolism,  tumor  tissue  showed  a  greatly 
decreased  ability  for  11-hydroxylatlon  of    added  precursors 
(e.g.  progesterone).   This,  in  turn,  leads  to  an  acc\:miulatlon  of 
11-deoxycortlcosterone.   The  latter  has  not  been  Isolated  from 
rat  adrenals  heretofore.   (Drs.  Johnson  and  Heftmann) 

Steroid  analysis  by  gas  chromatography:   The  steroidal 
alkaloids  solasodine  and  tomatldine  and  a  number  of  their  deriva- 
tives have  been  chromatographed  in  microgram  quantities,  on  a 
column  of  Chromosorb  W,  80-100  mesh  containing  0.75^  SE-30.   The 
response  to  the  finest  sterlc  differences  makes  possible  the 
detection  of  a  number  of  stereoisomers  in  a  complex  mixture. 
(Drs.  Sato  and  Ikekawa) 
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IR  spectroscopic  studies:   Additional  spectra  have  been 
converted  to  proper  units  for  Lorentzlan  analysis.   A  Rudolph 
Recording  Spectropolarimeter  acquired  recently  has  been  put  in 
operating  condition  to  produce  usable  optical  rotatory  dispersion 
data.   Both  Model-21  spectrophotometers  have  been  equipped  with 
auxiliary  recorders  for  presentation  of  spectra  on  N.B.S.  punch 
cards.   (Mr.  H.  K.  Miller  and  Mrs.  A.  W.  Wright) 

14C2-acetate  or  2, 

Biogenesis  of  plant  sterols:/    C2-mevalonate  were  injected 
into  tomato  fruits.   Stigmas terol  was  Isolated  (a^^  22_g-j;-j_gjjig_g^g^_ 
dlen-3P-ol)  in  pure  form  (and  its  radioactivity  determined) 
together  with  some  other  active  apparently  sterol-like  components. 
The  slime  mold  Dictyostelium  45V5g(§i^|i<®Vehas  been  grown  on  a 
medium  containing  -'-^C-mevalonate^^  The  activity  of  stigmastenol 
fA^  -stigmasten-3P-ol) J  isolated  in  pure  form^  was  determined. 
(Drs.  Heftmann,  Bennett  and  Johnson) 

Biogenesis  of  steroid  sapogenins:   Homogenized  tubers  of 
Dioscorea  floribunda  were  incubated  with  radioactive  acetate  or 
mevalonate.   While  the  acetate  was  Incoiporated  in  a  low  but 
constant  rate  into  diosgenin^  no  trace  of  activity  could  be 
detected  in  the  diosgenln  from  the  mevalonic  acid  incubates. 
Several  other  radioactive  products  have  been  isolated  but  not  yet 
structurally  elucidated.   There  is  an  appreciable  difference  of 
blosynthetic  activity  in  the  various  parts  of  the  tuber;  the 
highest  synthetic  rate  is  found  in  the  portion  around  the  tuber. 
(Drs.  Heftmann  and  Bennett) 

Cooperative  work:   In  cooperation  with  the  Section  on 
Physiology,  LPDj  NIAID,  (Dr.  von  Brand) ,  the  Insect  Physiology 
Lab. J  ARS,  Dept.  of  Agrlc.  (Dr.  S.  J.  Louloudes),  and  the  Section 
on  Metabolism,  LCPM,  NHI  (Dr.  Y.  Avigan),  complete  analysis  and 
characterization  of  a  n\amber  of  steroids  (sterols)  from  the 
extract  of  helminths,  and  Insects  (reared  under  artificial  con- 
dition) have  been  carried  out.   Desmosterol  has  been  isolated 
(rat  liver)  and  characterized  in  the  "cholesterol-biosynthesis" 
Inhibited  by  MER-29.   -^^C-labeled  desmosterol,  -methostenol  and 
-lanosterol  have  been  and  are  being  synthesized  in  connection 
with  the  above  blosynthetic  work. 

Analytical  Services.-  Approximately  10,000  determinations 
were  made  of  which  two- thirds  were  for  carbon,  hydrogen  and  nitro- 
gen, the  remaining  third  for  halides,  sulfur,  phosphorus,  functional 
groups,  selenium,  various  metals,  optical  rotations,  weight  losses, 
etc.   These  services  were  utilized  by  approximately  I30  research 
scientists  at  the  NIH.   A  limited  momber  of  analyses  were  performed 
for  other  government  agencies.   Elemental  analysis  for  fluorine  was 
made  available  during  the  year.   A  study  is  being  made  of  the  di- 
rect determination  of  oxygen  in  organic  compounds  and  it  is  hoped 
that  this  analysis  will  be  available  by  the  first  part  of  next 
year.   (Mr.  McCann,  Miss  Parisius,  Mrs.  Peake,  Mr.  Baer,  Mrs.  Wong) 
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LABORATOKI  OF  PATHOLOGY  &  HISTOCHEMISTRY 

Altitude  Effects.-  Drs.  Bcnjemln  Highman  and  Pa\al  D.  Altland  foimd  that 
dogs  exposed  to  simulated  high  altitude  show  a  transient  hyperglycemia,  and  a 
sharp  rise  (lasting  3-7  days)  in  serum  glutamic -oxalacetic  transaminase  (SGO-T), 
serum  glutamic -pyruvic  transaminase  (SGP-T),  senm  lactic  dehydrogenase  (SLD) 
and  serum  alkaline  phosphatase  (SAk-P).  The  rise  In  SGO-T,  SGP-T  and  SLD  is 
diminished  by  the  adrenergic  blocking  agent  phenoxybenzamine  and  the  hyper- 
glycemia by  the  ganglionic  blocking  agent  chlorisondamlne .  These  findings 
support  the  view  that  altitude  hypoxia  produces  hyperglycemia  by  release  of 
endogenous  catechol  amines  and  elevates  serum  enzymes  by  altering  celliilar 
penneabllity.  Drs.  Altland  and  Highman  have  found  that  cholesterol -fed  rabbits, 
exposed  to  l6,000  feet,  up  to  17  weeks,  show  much  more  severe  pulmonary  ather- 
oclerosls,  less  severe  lesions  in  the  descending  and  abdominal  aorta,  and  a 
much  higher  Incidence  or  marked  calcium  deposits  in  both  aortic  and  pulmonary 
athero sclerotic  lesions;  hypoxia  and  pulmonary  hypertension  are  considered  major 
contributing  factors.  Drs.  F.  Smith,  Altland,  and  Highman  find  that  rats  ac- 
climatized to  altitude  and  injected  with  sheep  erythrocytes  show  significantly 
increased  (over  ground  level)  antisheep  erythrocyte  hemolysin,  formed  during  the 
primary  immune  response.  The  increase  in  antibody  formation  is  attributed  in 
part  to  an  increase  in  the  reticuloendothelial  vascular  bed  due  to  altitude 
polycythemia . 

Cytogenetic  Studies.-  Dr.  J.  H.  Tjio  in  continuing  collaborative  study  with 
several  investigators  on  the  chromosomal  complement  of  patients  with  leukemia 
and  with  congenital  anomalies,  i.e.  ovarian  dysgenesis.  Turner's  syndrome  has 
revealed  kaiyotype  abnormalities  in  a  number  of  such  patients . 

Collaboration  with  NCI  an  investigation  of  the  chromosomal  constitution  of 
a  series  of  transplantable  thyroid  tumors  lines,  in  an  attempt  to  relate  proper- 
ties of  these  lines  with  their  chromosomal  pattern,  has  revealed  a  constant 
chromosomal  defect  in  the  stem  line  of  two  non-functional  anaplastic  lines  and 
on  the  stem  line  of  an  only  moderately  de -differentiated  line.  Also  in  col- 
laboration with  NCI,  Dr.  Tjio  has  developed  a  simplified  method  for  the  study 
of  chromosomes  of  bone  marrow  cells  without  prior  in  vitro  growth  which  has 
been  used  with  good  results  on  rat,  mouse,  hamster  and  man. 

Degenerative  Joint  Disease  and  Human  Rheumatism.-  Dr.  Leon  Sokoloff  ex- 
tended studies  of  the  pathogenesis  of  degenerative  joint  disease  and  of  the 
descriptive  pathology  of  human  rheumatism.  A  comprehensive  analysis  of  the 
genetics  of  osteoarthritis  in  mice  is  nearing  completion.  The  joint  disease 
is  transmitted  as  a  recessive  characteristic;  more  than  one  gene  appears  to  be 
involved;  there  Is  no  sex  linkage.  Studies,  made  in  collaboration  with  Dr. 
R.  S.  Yamamoto,  disclose  that  there  are  significant  genetic  differences  in 
plasma  lipids,  hepatoma-formation  and  several  other  lesions  in  the  same  ani- 
mals, but  that  there  is  no  correlation  between  these  findings  and  the  joint 
disease.  Comparative  pathology  of  degenerative  joint  disease  continues  to  be 
investigated.  A  study  on  vertebral  coalescence  in  the  giant  dinosaur  Dl- 
plodocus  longus  has  been  completed  in  collaboration  with  Dr.  B.  S.  Blumberg. 
This  is  surmised  to  represent  a  traumatic  osteoarthritis. 

A  paper  on  the  pathogenesis  of  ochronotic  arthropathy,  written  with  Drs. 
William  O'Brien  and  W.  G.  Banfield,  has  been  accepted  for  publication.  .  ,The 

41  ^^^ 


data  suggests  that  the  critical  problem  in  the  development  of  the  joint  disease, 
as  distinguished  from  the  biochemical  defect,  is  the  affinity  of  articular 
tissues  for  the  homogentisic  acid  or  its  pigment  derivatives. 

Germ-Free  Animals  -  Nutritional  Deficiencies.-  Using  germ-free  mice  Dr. 
David  Beaver  found  that  injected  progesterone  was  quite  capable  of  producing 
the  typical  vaginal  neutrophilic  exudate  seen  in  certain  phases  of  the  estrous 
cycle;  bacterial  infection  is  not  required. 

In  another  study  Dr.  Beaver  found  that  the  A  deficient  germ-free  rat, 
similar  to  the  conventional  animal,  exhibits  widespread  focal  keratinizing 
metaplasia.  However,  in  the  absence  of  bacteria,  atrophy,  degeneration,  and 
necrosis  become  the  predominant  features  of  the  disease.  In  addition  to  the 
usual  non-vital  structures,  organs  such  as  the  heart,  liver,  kidney  and  ad- 
renal glands  are  involved  in  the  germ-free  rat.  The  gena-free  state  and  the 
absence  of  infection  modify  the  pathogenesis  and  histological  appearance  of 
the  lesions  of  A  deficiency,  but  do  not  prolong  life.  The  latter  fact  suggests 
that  in  Vitamin  A  deficiency  there  is  a  significant  metabolic  disturbance. 

Dr.  L.  L.  Ashbum  in  cooperation  with  the  Walter  Reed  Army  Institute  of 
Research,  has  shown  that  a  low  protein,  choline  deficient  diet  leads  to  liver 
cirrhosis  in  germ-free  rats;  the  results  are  unequivocal.  In  fact,  the  de- 
velopment of  the  lesion  appears  to  progress  faster  than  in  conventional  ani- 
mals. These  findings  are  being  further  studied  as  is  the  mechanism  whereby 
certain  antibiotics  appear  to  delay  onset  and  progress  of  the  cirrhosis.  Drs. 
Beaver  and  Ashbum  have  found  that  the  limgs  of  these  rats  and  those  of  germ- 
free  rats  on  a  pantothenic  acid  deficient  diet  show  prominent  lipid  deposits 
visible  on  gross  examination  as  few  to  abundant  white  spots  of  1  to  3  n™  size. 
These  nodules  are  formed  of  xanthoma  cells  containing  triglycerides  and  lesser 
amounts  of  anisotropic  material.  Although  the  lesions  are  seen  occas  ionally 
in  other  circumstances,  germ-free  state  and  the  specific  abnormal  diet  are 
necessary  for  its  maximum  expression. 

Goldthioglucose  Obesity.-  Radioautography  of  tissues  submitted  to  acti- 
vation analysis  penults  localiza.tion  of  gold  in  mice  made  obese  by  goldthio- 
glucose. This  study  by  Dr.  George  Brecher  shows  that  areas  of  acute  necrosis 
seen  at  12  hours  correspond  to  gold  localization.  Later,  minute  scars  contain 
the  bulk  of  the  gold.  In  other  experiments  it  was  shown  that  glucose  cannot 
effectively  compete  with  goldthioglucose  In  localization  in  the  hypothalamic 
feeding  center,  as  is  implied  in  Mayer's  widely  accepted  glucostatic  theory. 

Hemoglobin  -  Structure  and  Inheritance.-  The  study  of  hemoglobin  by  Dr. 
Harvey  Itano  and  Miss  Elizabeth  Robinson  has  continued  to  furnish  new  infor- 
mation on  the  structure,  genetic  control,  biosynthesis,  and  evolution  of  a 
protein  molecule.  The  ability  of  the  subiinits  of  canine  hemoglobin  to  combine 
with  the  subunits  of  both  normal  and  abnormal  human  hemoglobins  suggests  re- 
tention of  the  characteristic  tertiary  stincture  in  spite  of  changes  in  primary 
structure.  Studies  on  the  inheritance  of  the  two  types  of  polypeptide  chains 
of  hemoglobin  have  yielded  the  first  example  of  a  protein  synthesized  under  the 
combined  control  of  two  nonadjacent  genetic  loci.  The  chains  are  apparently 
synthesized  independently  in  identical  pairs  and  a  doubly  heterozygous  red  cell 
synthesizes  four  different  chain-pairs  which  combine  to  form  xour  different 
hemoglobins . 
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In  continued  studies  of  abnormaJ.  human  hemoglobin-I  (Hb-l),  Dr.  Makio 
Murayama  has  found  that  the  genetic  alteration  takes  place  in  the  alpha  chain 
(N-terminal  val.  leu....)  of  the  molecule.  In  contrast,  the  chemical  abnor- 
malities of  Hb-S,  Hb-C,  and  Hb-G  are  known  to  be  located  in  the  beta  chain 
(N-terminal  val.his .leu. . . . ) .  The   amino  acid  sequence  studies  revealed  the 
following: 

Hb-A      val. leu. . . .ala.val.try.gly.lys. . . . 

Hb-I     val.leu. . . .ala.val.try.gly.asp. . . . 
A  lysine  residue  is  replaced  by  aspartic  acid  in  this  genetic  alteration. 

Hematology.-  The  icinetics  of  red  cell  proliferation  have  been  further 
elucidated  by  Dr.  Frederick  Stohlman.  Erythropoietine  has  been  shown  to  act 
by  promoting  the  differentiation  of  primitive  stem  cells  into  eiythroid  ele- 
ments; some  of  these  cells  mature  without  dividing;  a  substantial  number  when 
severe  hypoxia  exists.  Eiythropoietine,  apparently,  does  not  directly  affect 
the  erythroid  elements  (i.e.  pronormoblasts,  etc.).  Preliminary  evidence  sug- 
gests that  these  rapidly  maturing  cells  have  a  shortened  life  span. 

The  effectiveness  of  erythropoietine  in  the  irradiated  animal  has  been 
explained  by  studies  in  which  it  was  shown  that  depopulating  the  stem  cell 
compartment  by  administering  erythropoietine  immediately  after  irradiation 
serves  as  a  stimulus  for  earlier  regeneration  of  the  stem  cell  compartment . - 
This  implies  that  one  mechanism  for  regulation  of  the  stem  cell  compartment 
is  the  total  nimiber  of  cells,  whether  fertile  (i.e.  capable  of  division)  or 
infertile,  and  that  differentiation  of  stem  cells  into  erythroid  elements  re- 
sists in  an  increased  rate  of  division  amongst  the  remaining  stem  cells. 

Histochemistry . -  Studies  on  the  localization  in  tissue  sites  of  polysac- 
charide synthesis  by  Dr.  Tadao  Takeuchi  have  resiolted  in  the  development  of  a 
histochemical  method  for  the  cellular  localization  of  enzymic  activity  forming 
polysaccharides  from  uridinediphosphate  glucose.  This  method  localizes  UDPG 
glycogen  transferase  activity  to  nijmerous  tissue  sites  and  its  activity  has 
been  compared  to  that  of  amylophosphorT,''lase  in  these  areas .  Further  investi- 
gation has  resulted  in  the  development  of  a  method  for  the  histochemical  local- 
ization of  \iridinetriphosphate-pyrophosphorylase  activity  in  tissue  sections. 

A  continuation  or  studies  by  Dr.  George  Glenner  on  the  localization  of 
proteolytic  enzyme  activity  in  pathologic  and  nomial  tissue  has  been  extended, 
■using  newly  synthesized  chromogenic  substrates  to  the  demonstration  of  an 
esterolytic  enzyme  having  several  characteristics  distinct  from  those  pre- 
viously described  histochemically  and  to  the  investigation  of  an  enzyme  hydro- 
lyzing  a  specif ic dass  of  amide  substrates. 

In  order  more  accurately  to  demonstrate  the  sites  of  niomerous  dehydro- 
genases in  tissue  section  with  the  elimination  of  false  positive  localization 
a  new  route  for  the  synthesis  of  pure  ditetrazoliim  salts  have  been  developed. 
A  screening  method  for  the  demonstration  of  Endamoebae  based  on  their  glycogen 
content  (a  modirxed  methenamine  silver  technique)  has  been  applied  to  patho- 
logic tissues  for  routine  diagnostic  ptirposes. 

Dr.  Samuel  Spicer  has  partially  characterized  mucins  in  normal  rodent  and 
h-uman  tissues  and  in  human  pathological  material  by  correlative  studies  with 
established  autoradiographic  and  histochemical  staining  methods  and  by  newly 
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developed  procedures .  The  methods  developed  for  histochemical  identification 
of  mucins  include  combinations  of  conventional  staining  techniques ,  a  periodic 
acid  diamine  procedure,  and  enzymatic  digestion  with  sialidase.  Application 
of  all  the  available  specific  techniques  reveals  varieties  of  sulfomucins  and 
sialomucins  not  knovn  to  exist  from  biochemical  methods .  Such  studies  also 
suggest  the  possibility  that  the  histochemical  properties  of  the  mucins  in 
normal  as  well  as  pathological  tissues  may  be  unique  in  each  histologic  site. 
In  other  studies,  cytosiderin  and  peracetic  acid-aldehyde  fuchsin  stained 
(lipofuscin?)  bodies  observed  in  epithelial  cells  in  a  number  of  orgaas  appear 
to  be,  in  some  instances  at  least,  associated  with  strong  acid  phosphatase 
activity.  The  cytoplasmic  particles  are  at  present  considered  to  be  a  possible 
morphologic  manifestation  of  the  catabolic  removal  of  discarded  cytoplasmic 
macromolecules . 

Dr.  David  Beaver,  in  an  extensive  investigation  of  the  rat  preputial 
gland  found  that  the  structure  varies  greatly  with  the  fixative  used.  In  ad- 
dition to  lipids,  the  acinar  cells  contain  numerous  protein  granules.  A 
stain  was  devised  which  permitted  the  demonstration  of  both  elements  in  the 
same  section.  With  this  and  other  histochemical  methods  the  appearance 
(function)  of  the  gland  was  evaluated  in  relation  to  sex,  age, androgenic  and 
estrogenic  stimulation,  and  hypophysectomy. 

Human  Pathology.-  The  opportunities  offered  to  this  laboratory  through 
consioltative  and  diagnostic  studies  of  surgical  and  autopsy  specimens  from 
the  Indian  Health  Program  of  the  Public  Health  Service  have  continued  to 
stimulate  interest  in  aspects  of  geographic  and  environmental  pathology.  Di- 
rect contacts  with  these  Hospitals  during  the  year  promises  to  improve  greatly 
the  quality  of  the  material  for  study.  Problems  related  to  sarcoidosis,  to 
dietary  hemosiderosis,  to  diabetes,  and  to  atherosclerosis  and  its  compli- 
cations among  the  Indians  are  of  particular  interest. 

Attempts  by  Drs .  Gert  Laqueur  and  Harry  Marsh  to  isolate  in  culture  the 
organism  responsible  for  Pneumocystis  carinii  pneumonitis  from  animal  and  man 
have  been  continued  throughout  the  year.  All  experiments  failed,  using  culture 
media  for  fungi  and  protozoa  and  specialized  bacteriologic  media  under  aerobic 
and  anaerobic  conditions  with  varying  acidity,  viscosity  an<j.  nutrients.  How- 
ever, recent  attempts,  with  the  collaboration  of  Mr.  Charles  Zierdt  of  the 
microbiology  diviabn  of  the  Clinical  Pathology  Laboratory,  have  produced  the 
first  promising  results  utilizing  highly  specialized  procedures.  It  has  been 
possible  to  obtain  the  same  organism  irom  several  animals  in  culture.  VJhile 
the  organisms  tinctorially  and  morphologically  resemble  closely  those  seen  in 
the  human  and  Fmimfll  disease,  reintroduction  into  germ-free  animals  is  ex- 
pected to  establish  their  pathogenicity. 

Tmrnxmology . -  Dr.  Jjlnily  Emmart,  using  fluorescent  antibody  and  other  tech- 
niques has  shown  that:   (l)  streptococcal  hyaluronidase  is  localized  in  cer- 
tain tissues  of  infected  mice  after  in  vivo  elaboration  of  the  enzyme;  (2) 
glyceraldehyde-3 -phosphate  dehydrogenase  is  present  in  the  I-band  (mlto- 
chrondria)  of  the  wing  and  leg  muscle  of  the  roach  (Periplaneta  americana); 
(3)  myosin  is  localized  in  the  myofibrils  (A-band)  of  the  conduction  fibers 
of  the  beef  heart. 
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In  collaboration  with  Dr.  Marion  Webster  immimo chemical  studies  on  the 
antibodies  to  human  kallikrein  preparations  in  successive  stages  of  purifi- 
cation have  been  carried  out.  The  rise  in  gamma  globulin  has  been  followed 
by  paper  electrophoresis  on  sera  of  immunized  rabbits.  Antibody  has  been 
determined  by  precipitin  reactions  in  vitro,  in  agar  and  by  antibody  inhi- 
bition of  the  vasodilator  action  of  kallikrein  in  the  dog. 

Dr.  Edwin  Lemer,  with  the,  collaboration  with  Drs.  K\irt  Bloch  and  J.J. 
nunim  has  shown  that  rabbits  immunized  repeatedly  with  their  own  fractionated 
gamma  globulins  failed  to  show  pusii;ive  reactions  for  rheumatoid  factor,  or 
for  anti-human  antibody.  This  is  in  contradistinction  to  the  results  of  Mil- 
grom,  Witebsky,  et  al,  and  may  conceivably  be  due  to  the  rigorous  precautions 
taken  to  exclude  contamination  by  human,  other  animal,  or  other  rabbit  pro- 
teins .  Drs .  McMaster,  Lemer  and  Exum  have  shown  that  experimental  allergic 
thyroiditis  has  been  produced  in  inbred  guinea  pigs  and  has  been  shown  to 
correlate  with  the  presence  of  delayed  hypersensitivity,  but  not  with  the 
presence  of  circulating  anti-thyroid  antibody.  The  allergic  thyroiditis  was 
the  earliest  ever  produced  experimentally,  and  the  most  severe  at  the  time 
intervals  studied.  The  experimental  conditions  excluded  direct  trauma  to  the 
thyroid,  sensitization  reaction  to  thyroid,  and  immimologic  interference  by 
heterologous  antigenic  serum  or  tissue  proteins. 

Renal  Structure  and  Function.-  The  functions  of  the  straight  and  con- 
voluted segments  of  the  rat  proximal  tubule  which  differ  distinctly  with  re- 
spect to  their  handling  of  phenol  or  clorphenol  red,  were  investigated  by  Dr. 
James  Longley  in  respect  to  a  number  of  other  phenol  sulronephthalein  dyes. 
Several  dyes  were  found  to  behave  similarly  to  the  ones  previously  studied. 
Others  were  found  to  be  accimiulated  by  the  convoluted  segment  only  and  still 
others  to  show  no  apparent  accumulation  at  all.  Wo  correlation  between  the 
physical  or  chemical  characteristics  of  the  dyes  studied  and  their  handling 
by  the  kidney  has  yet  been  established. 

In  addition  to  the  research  projects  abstracted  above,  certain  scientists 
in  other  laboratories  receive  advice  from  members  of  our  staff;  particularly 
in  pathologic  anatomy.  Our  histopathological  preparation  xmit  also  took  part 
in  this  cooperative  effort  by  cutting  and  staining  about  2,000  tissue  sections 
this  year  for  ten  investigators  not  in  laboratories  of  WIMD. 
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LABORATORY  OF  PHAHMA.COLOGY  AND  TOXICOLOGY 

Spermidine  and  Spermine.-  A  striking  development  in  the  studies  on 
the  polyamines  has  been  the  ohservation  that  these  amines,  even  in  very  low 
concentrations,  have  a  martied  stabilizing  effect  on  protoplasts,  mitochondria 
and  bacteriophage  T5.  The  mechanism  of  this  effect  is  not  clear,  but  may  be 
related  to  the  binding  of  these  amines  to  nucleic  acids  and  phospholipids. 

Further  work  has  also  been  carried  out  on  the  enzymes  and  intermediates 
concerned  in  the  biosynthesis  of  spemiidine'.  Thiomethyladenosine  has  been 
isolated  and  identified  as  the  product  of  the  reactions:  Putrescine  + 
decarboxylated  adenosylmethionine —>■  spermidine  +  thiomethyladenosine. 

Under  certain  conditions  much  of  the  spermidine  of  E.  coli  is  present 
as  a  glutathione-containing  derivative.  A  tentative  structure  has  been 
presented  for  this  derivative.  (Drs.  H.  Tabor,  C.  W.  Tabor,  S.  M.  Rosenthal, 
G.  Jamieson  and  T.  Viswanatha) 

Metabolism  of  Histidine  and  Related  Conpounds.- 

1.  The  reduction  of  unsubstituted  imidazole  and  its  derivatives  has 
been  achieved  for  the  first  time.  This  has  been  acconiplished  by  carrying  out 
the  catalytic  hydrogenation  of  these  compouads  in  acetic  anhydride,  Fiirther- 
more,  by  this  method  new  imidazoline  and  imidazolidine  compounds  have  been 
prepared. 

2.  Imidazoleacetic  acid  ribotide  is  formed  by  the  following  enzymatic 
reaction:  Imidazoleacetic  acid  +  pyrophosphorylribosephosphate  (PPRP)  + 

ATP  — »  imidazoleacetic  acid  ribotide  +  ADP  +  orthqphosphate  +  pyrophosphate. 

Hydrolysis  of  imidazoleacetic  acid  ribotide  resiilts  in  imidazoleacetic 
acid  riboside,  which  we  have  previously  shown  to  be  present  in  the  urine 
after  histamine  and  imidazoleacetic  acid  administration. 

3.  The  reaction  histidine  — ^  urocanic  acid  +  NHj  proceeds  via  an 
ammonia-enzyme  intermediate. 

4.  The  following  reaction  has  been  demonstrated  in  an  enzyme  purified 
from  E.  coli:  Ergothioneine  — ?  thiourocanic  acid  +  trimethylamine , 

(Drs.  H.  Tabor,  G.  Crowley,  J.  Wolff,  H.  Bauer,  A.  Peterkofsky 
and  Miss  V.  Childs) 

Sialic  Acid.- 

1.  A  hitherto  undescribed  enzymatic  system  has  been  purified  from 
mammalian  liver  for  the  biosynthesis  of  N-acetylne\iraminic  acid. 

2.  A  sialidase  has  been  purified  from  a  bovine  serum  fraction  (VI). 
This  is  the  first  time  a  sialidase  has  been  described  in  mammalian  tissues. 


46  ^61 


3.  The  enzymatic  removal  of  sialic  acid  from  different  genetic  forms 
of  h-uman  transferrin  has  revealed  that  part  of  the  structure  of  the  different 
forms  is  common  to  all.  Sialic  acid  is  prohably  responsible  for  the  differ- 
entiation "between  the  various  genetic  forms  of  part  of  the  transfeirin 
molecule  (with  Dr.  Blimiberg) . 

4..  Other  studies  have  included  the,  determination  of  the  concentration 
of  sialic  acid  in  cerebrospinal  fluids  (with  Dr.  R.  Jakoby);  the  demonstration 
that  one-third  of  the  sialic  acid  of  cerebrospinal  fluid  is  bound  to  small 
sized  dialyzable  material;  a  test  for  sialic  acid-containing  mucins  in  tissue 
and  in  tumors  using  a  histochemical  procedure  (with  Dr.  Spicer);  a  study  of 
the  amount  and  nature  of  the  sialic  acid  in  a  variety  of  non-mammalian 
organisms;  and  the  demonstrations  of  sialic  acid  in  an  ether-soluble  lipid  in 
sea  -urchin  eggs.   (Drs.  L.  Warren,  H.  Felsenf eld, -  and  Miss  C.  Spearing) 

Bums  and  Shock.-  Studies  have  been  continued  on  the  therapy  of  bums 
in  clinical  cases  in  Peru.  In  a  large  series  of  adult  cases  oral  saline  was 
as  effective  as  a  combination  of  saline  and  plasma  therapy. 

The  occurrence  of  infection  in  bum  cases  continues  to  be  a  serious 
problem  at  all  ages;  children  under  3  years  were  particularly  susceptible. 
The  incidence  of  septicemias  in  these  children  could  be  decreased  by  large 
doses  of  plasma  or  gamma  globulin,  with  some  lowering  of  the  mortality.  Anti- 
biotic therapy,  on  the  other  hand,  had  no  effect. 

In  the  laboratory  a  bacteriological  study  of  burned  mice  (with  Dr.  E, 
Verder,  NIAID)  suggested  that  after  bum  injury,  bacteria  of  low  virulence 
and  invasiveness  are  able  to  spread  from  the  local  area  and  establish 
generalized  infections.  (Drs.  S.  M.  Rosenthal,  R.  C.  Millican,  N.  A.  Kefalide^ 
K.  Mariley,  and  Peruvian  associates) 

Chemotherapy  of  Mouse  Leprosy.-  In  the  field  of  experimental  leprosy 
better  conditions  for  the  culture  of  macrophages  have  been  developed.  Ifecro- 
phages  can  now  be  maintained  up  to  100  days,  permitting  cultivation  of 
Mycobacterium  leprae  murium.  This  represents  a  marked  improvement  over  the 
previously  existing  techniques  which  only  permitted  survival  of  macrophages 
for  a  short  time  (usually  less  than  10  days) .  This  is  of  considerable 
importance  for  leprosy  studies,  as  this  has  permitted  survival  and  growth  of 
the  Mycobacterium  leprae  murium  in  a  given  tissue  culture  for  long  periods. 
(Dr.  Y.  T.  Chang) 

Siilfur  Amino  Acids.-  Three  enzymes  have  been  isolated  from  yeast  that 

are  required  for  the  reaction: 

+ 
L(-)Methionine  sulfoxide  +  TPNH+H  — ^^  Lnnethionine  +  TPN  +  H2O. 

In  addition  to  this  reaction  two  of  these  enzymes  carry  out  the  TPNH- 
catalyzed  reduction  of  dithiols  to  thiols.  (Drs.  S.  Black,  J.  F.  Thcffl5)SQn, 
and  Miss  Hudson) 
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Enzyme  Adaptation  in  ]^feJ^1malia^  Systems.-  The  various  enzymes  of  the 
urea  cycle  increase  with  an  increase  in  dietary  protein,  and  decrease  with  a 
lowered  dietary  protein.  (Dr.  R.  T.  Schimke) 

Structural  Basis  of  Enzyme  Activity.  - 

1.  Trypsin  and  chymotrypsin  have  been  shown  to  contain  hydrozylysine. 
This  amino  acid  had  not  been  described  previously  in  an  enzyme  protein. 

(Dr.  Viswanatha  with  Dr.  Irreverre) 

2.  The  ability  of  chymotrypsin  to  react  with  diiscprcpylfluoridate 
or  p-nitrqphenylacetate  was  separated  from  its  ability  to  hydrolyze  peptide 
bonds  by  the  differential  destruction  of  the  latter  activity  by  treatment 
with  N-brcmosuccinimide .  (Dr.  Viswanatha.  with  Dr.  Lawson) 

3.  Spectrqphotometric  methods  have  been  developed  for  the  measurement 
of  the  aldolase-dihydroxyacetone  phosphate  canplex  for  kinetic  studies  on 
this  enzyme  after  alteration  by  carboxypeptidase.  (Dr.  Mehler  and  Miss  Asnien) 

Electrochemical  and  Biochemical  Aspects  of  Physiological  ancj, 
Pharmacological  Action  in  Excitable  Cells.-  Further  evidence  has  been 
obtained  that  calcium  transfer  is  at  least  one  direct  factor  in  the  coupling 
between  excitation  and  muscular  contraction  in  the  fibers  of  the  "twitch,'" 
"slow"  and  cardiac  type.  Additional  correlations  have  been  established 
between  the  interactions  of  veratrum  aJJcaloids  with  moncmolecular  films  of 
stearic  acid  at  air-water  interfaces  and  with  living  membranes.  (Drs,  A.  M. 
Shanes,  N.  L.  Gershfeld,  S,  Winegrad,  S.  Diicstein  and  C.  P.  Bianchi) 

Gramicidin  J.-  During  studies  on  the  enzymatic  biosynthesis  of 
gramicidin  J  in  extracts  of  Bacillus  brevis  the  enzymatic  formation  of  a 
dipeptide  of  phenylalanine  and  proline  was  observed,  which  may  be  an  inter- 
mediate in  gramicidin  biosynthesis.  (Dr.  K.  KTorahashi) 

Cholesterol  Synthesis,-  A  rabbit  liver  enzyme  has  been  purified  which 
converts  phosphamevalonic  acid  to  pyrcphosphorylmevalonic  acid.  (Dr.  K. 
Markley  and  Mrs.  Smallman) 

OFFICE  OF  MAIHEMATICAL  EESEARCH 

Wori:  has  continued  along  the  major  lines  indicated  in  last  year's 
report,  viz.:  Mathematical  fonmilation  and  analysis  of  neurqphysiological 
problems  (Dr.  Wilfrid  Rail,  Mr.  Ezra  Shahn  and  Mrs.  Jeanne  Altmann);  develop- 
ment of  mathematical  and  computational  methodology  for  assessing  mathematical 
models  based  on  differential  equations  and  detailed  studies  of  iodine  metab- 
olism in  the  thyroid  system  (Dr.  Mones  Berman,  Mrs.  Marjorie  Weiss,  Mr.  Ezra 
Shahn  and  collaborators  from  other  groups  as  noted  below);  general  mathematical 
problems  arising  from  the  rate  behavior  of  biological  systems  (Dr.  John  Hearon). 
Work  has  been  initiated  in  visual  perception  and  pattern,  recognition  (Mrs. 
Rosalind  Marimont,  NIMH,  Associate  Member  of  OMR) .  The  work  along  these  four 
lines  is  summarized,  in  the  same  order,  below.  It  is  not  possible  to  give  all 
of  the  results  of  the  year's  work  and  in  each  case  only  highlights  and/or 
exaii5)les  are  included. 
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The  solution  for  the  external  and  internal  field  for  a  neuron  with 
spherical  soma  and  cylindrical  dendrites  has  been  ohtained.  Such  fields  have 
been  conrputed  numerically  on  the  IBM-650  for  a  neuron  with  seven  asymmetrically 
placed  dendrites.  lii  jaorticular,  fields  were  coarputed  for  the  instants  in  time 
when  the  "A-spike"  and  "B-spike"  reach  their  maximum  potential.  These 
detailed  numerical  calculations  have  yielded  results  of  broad  qualitative 
significance  for  the  interpretation  of  neurophysiological  recordings.  The 
mathematical  treatment  of  the  spread  of  electric  current  between  soma  and 
branching  dendritic  trees  has  been  extended  to  the  transient  case.  This 
information  allows  interpretation  and  analysis  of  experiments  designed  to 
estimate  the  membrane  time  constant  and  elucidate  the  natiire  of  sjmaptic 
potential . 

The  program,  vra-itten  for  the  IBM-704.,  originally  developed  for  analysis 
of  tracer  kinetics  has  undergone  major  revision  and  consolidation  and  major 
extension  in  terms  of  generality  and  flexibility.  In  particular  the  program 
will  accept  input  data  directly  in  a  variety  of  forms,  take  account  of  depend- 
ence relations  among  two  or  more  parameters,  take  quantitative  account  of  the 
information  available  on  a  given  compartment  or  sub-system  in  fitting  a 
particular  conrpartment .  The  program  has  been  adapted  to  non-linear  systems 
and  as  a  result  can  be  made  to  perform  the  analysis  of  any  mathematical  model 
based  on  an  arbitrary  set  of  differential  equations.  The  general  program  is 
available  to  any  investigator.  The  program,  and  the  mathematical  methods 
which  it  was  designed  to  implement,  has  had  considerable  application;  Labeled 
glucose  studies  in  collaboration  with  Dr.  S.  Segal,  NLAMD,  thyroxine  studies 
in  collaboration  v/ith  Dr.  H.  Haddad,  Washington  University;  a  variety  of 
problems  in  collaboration  with  Drs.  S.  Wollman  and  M.  Elkind,  NCI,  and  Drs. 
D.  Steinberg  and  J.  Davies,  NHI. 

It  has  been  sho'wn  that  if  A  is  a  matrix  of  order  n  with  non-positive 
diagonal  and  non-negative  off -diagonal  elements  then  no  conponent  of  a  vector 
X,  initially  non-negative  and  obeying  dx/dt  =  Ax,  can  vanish  at  a  finite  time. 
The  original  intent  was  to  dem.onstrate  that  a  rate  matrix  with  the  above  sign 
pattern 'guarantees  positive  concentrations,  and  conversely  positive  concen- 
trations iniply  that  sign  pattern.  The  mathematic  statement  of  this  common-  ■ 
sense  constraint  on  a  real  system  leads  to  the  following  practical  results: 
It  follows  that  a  necessary  condition  for  overshoot  in  a  linear  system  is 
that  some  initial  concentration  be  below  and  some  above  the  steady-state 
value;  that,  if  ?A3_j  <  0,  every  element  of  -A~l  is  non-negative,  the  smallest 
root  is  siniple,  and  the  co-factors  of  A  have  the  sign  of  (-l)^"*"^.  It  has 
been  shown  that  a  function  F(x,y)  symmetric  and  homogeneous  of  degree  zero 
has  the  property  3F/^x  =  SF/^y  =  0  on  the  line  y  =  x.  This  theorem, 
necessary  in  the  error  analysis  of  certain  approximate  differential  equations 
for  metabolic  systems,  has  the  consequence  that  class  of  function  having  an 
optimum  which  is  a  point  of  symmetry  in  the  logarithmic  plot  can  be  defined 
and  the  class  of  mechanism  which  may  underlie  optimum  pH,  substrate- 
concentration,  etc.,  can  be  stated. 

Work  has  recently  been  initiated  on  a  mathematical  study  of  visual 
perception  with  special  emphasis  at  present  on  color  vision.  The  main 
objective  is  a  mathematical  treatment  of  the  empirical  laws  of  color  vision 
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designed  to  produce  the  necessary  and  siifficient  conditions  required  by  them. 
It  has  heen  shown  that  Grassman's  laws  and  Abney's  law  are  expressions  of  a 
mathematical  property  which  has  heen  denoted  as  quasi-additivity.  In  terms 
of  functions:  if  f(x)  =  f(y)  and  f(u)  =  f(v)  then  f(x+u)  =  f (y+v) .  In  terms 
of  the  laws  of  color  vision  f  will  he  some  general  transformation  and  x,  y, 
u,  V  may  be  spectral  distributions  or  functionals  of  them  and  equality  is  then 
defined  as  "matching"  of  lights.  It  has  been  shown  that  if  f  is  a  one-to-one 
function  of  a  linear  operation  Abney's  law  is  implied.  The  converse  of  this 
is  being  studied  in  terms  of  more  general  spaces  and  the  similar  but  more 
general  problem  of  Grassman's  laws  is  being  pursued. 
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Serial  No.  NIAMD-ARB- Ic 
1. Clinical  Investigations 
2. Arthritis  and  Rheumatism 
S.Bethesda 

phs-n: 

Individual  Pro..  -  Report 
Calendar  Year  I960 

Part  A 

Project  Title:  Clinical  Trial  of  Nev;  Antirheumatic  Drugs 

Principal  Investigator:  Dr.  Joseph  J.  Bunim 

Other  Investigators:  Drs.  Roger  L.  Black,  Martin  J.  Wohl, 

Nathan  J.  Zvaifler,  Alexander  Deutslch, 
Daniel  V.  Kimberg  and  Stephen  E.  Malawlsta 

Cooperating  Units:  NINDB,  NCI,  and  Georgetown  Medical  Division  - 
D.  C.  General  Hospital  Rheumatology  Service 

Man  Years  (calendar  year  1960): 
Total:  6 
Professional:  4 
Other:  2 

Project  Description: 

Objectives: 

The  objectives  of  this  project  continue  to  be  the  search  for 
newer  anti- inflammatory  agents  for  therapy  in  the  rheumatic 
diseases,  both  steroid  and  non-steroid,  and  the  clinical  investiga- 
tion of  these  compounds  in  terms  of  their  long-term  efficacy  and 
side  effects. 

Methods  Employed; 

Clinical  trials  have  been  conducted  as  in  years  past  on  both 
inpatient  and  outpatient  groups.  Inpatient  groups  have  been 
studied  at  the  Clinical  Center  and  the  outpatients  in  the  Rheumatology 
Service  of  the  Georgetown  Medical  Division  of  the  D.  C.  General 
Hospital.  Double-blind  techniques  have  been  employed  where 
possible. 

Part  B  Included    Yes   /x7     No   /T 
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Ma.lor  Findings  and  Proposed  Course; 


A.  A  New  Toxic  Effect  of  Prolonged  Corticosteroid  Therapy- 
Posterior  Subcapsular  Cataract;  During  the  past  year  we  have 
observed  and  reported  a  heretofore  unknown  adverse  effect  of 
prolonged  corticosteroid  therapy  in  high  dosage,  namely  posterior 
subcapsular  cataracts.  Although  many  of  the  patients  observed 
to  have  such  cataracts  had  been  receiving  dexamethasone,  a  large 
number  of  others  had  never  received  this  specific  analogue,  but 
had  received  both  the  naturally  occurring  and  the  older  synthetic 
corticosteroid  preparations.  Seventeen  of  44  rheumatoid  arthritis 
patients  having  received  corticosteroid  therapy  for  periods  of 
1  year  or  longer  were  found  to  have  this  ocular  lesion.  Nineteen 
non-steroid  treated  rheumatoid  patients  were  examined  and  no 
such  lesions  were  found.  The  appearance  of  the  posterior  subcapsular 
cataract  was  found  to  be  associated  with  moderate  or  high  dose 
therapy  (equivalent  to  10  mgm  or  more  of  prednisone  daily)  for 
a  period  of  one  year  or  longer.  These  findings  were  reported  at 
the  1960  meeting  of  the  American  Rheumatism  Association  in 
Miami  Beach,  Florida  and  subsequently  have  been  reported  in  the 
Journal  of  the  American  Medical  Association.  More  recently  an 
additional  35  corticosteroid  treated  patients  have  been  examined, 
and  8  of  these  individuals  were  found  to  possess  this  lenticular 
opacity.  Among  these  8  were  two  young  boys,  ages  8  and  12. 
The  gradual  improvement  with  decrease  in  size  of  opacity  in  two 
patients  in  whom  it  was  possible  to  reduce  or  completely  discontinue 
therapy  has  suggested,  in  some  individuals  at  least,  that  this 
lesion  may  be  reversible.  Lenses  have  been  obtained  from  one 
patient  at  autopsy  and  from  another  at  surgery,  although  the 
microscopic  findings  are  not  available  at  the  time  of  this  report. 
The  correlation  between  steroid  administration  and  the  appearance 
of  posterior  subcapsular  cataracts  is  highly  significant 
(0.01  >  P  "p? 0.001).  Other  potential  factors  of  etiologic 
significance  of  cataract  formation  were  carefully  assessed,  including 
gold  therapy,  salicylate  therapy,  x-ray  exposure,  and  estrogen 
therapy,  as  well  as  calcium  intake.  No  significant  correlation 
was  shown  between  these  factors  and  the  appearance  of  cataracts. 
Scientists  in  the  Ophthalmology  Branch  of  the  NINDB  cooperated 
in  these  studies. 

The  following  compounds  have  been  studied  during  1960; 
dexamethasone,  6a  fluorotriamcinolone,  hydroxychloroquine,  and 
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a  non-steroid,  anti-inflaimnatory,  anti-metabolic  compound. 

A.  6a  Fluorotriamcinolone;  A  second  metabolic  study  involv- 
ing this  compound  administered  in  dosages  of  20  mgm  has  now  been 
completed  by  Dr.  G.  Donald  Whedon  and  his  group.   It  will  be 
remembered  that  one  year  ago  the  early  metabolic  studies  of  this 
compound  were  carried  out  with  a  patient  with  rheumatoid  arthritis. 
The  data  revealed  the  maintenance  of  a  positive  calcium  balance 
during  the  administration  of  20  mgm  of  this  steroid  daily. 

The  second  metabolic  study  completed  during  the  year  1960  was 
performed  upon  a  normal  control  patient,  again  at  a  dosage  of 
20  mgm  daily.  In  this  instance  a  slightly  negative  calcium 
balance  was  induced.  This  compound,  although  only  1/2  to  1/3 
as  potent  as  dexamethasone  in  anti- inflammatory  activity, 
deserves  further  investigation  in  regard  to  its  effect  on  calcium 
metabolism. 

B.  Hydroxychloroquine ;  In  cooperation  with  the  American 
Rheumatism  Association's  Working  Coinmittee  on  Cooperative  Clinics, 
the  NIH-Georgetown  Rheumatology  Service  is  participating  as  a 
member  of  the  Committee  in  therapeutic  trials  of  hydroxychloroquine 
in  rheumatoid  arthritis.  The  entire  enterprise  embraces  the 
activity  of  10  arthritis  clinics  located  in  various  University 
centers  throughout  the  country.  The  first  clinical  trial  of 
hydroxychloroquine  began  in  February  of  1960  and  was  completed 

in  July  of  the  same  year.  Each  patient  in  the  trial  was  observed 
over  a  three-month  period.  The  trial  was  conducted  as  a  double- 
blind  study  on  a  total  of  76  patients.  The  parameters  of  arthritis 
activity  included  the  evaluation  of  joint  tenderness,  grip 
strength,  ability  to  walk  and  the  erythrocyte  sedimentation  rate. 
A  statistically  significant  difference  was  demonstrated  between 
patients  receiving  the  compound  and  those  receiving  placebo. 
Differences  between  the  two  groups  of  patients  were  observable 
as  early  as  one  month  after  the  institution  of  therapy.  No 
significant  side-effects  were  observed  during  the  three  month 
period.  It  is  anticipated  that  another  trial  will  be  instituted 
within  the  next  three  months. 

C.  An  Anti-Metabolic  Agent;  A  new  evaluation  of  an  anti- 
metabolic  agent  has  been  undertaken  in  patients  with  psoriatic 
arthropathy.  A  double-blind  study  has  been  carefully  planned. 

To  date  4,  of  a  planned  series  of  40  patients,  have  been  included 
in  the  trial.  Each  patient  will  be  observed  over  a  period  of 
60-80  days  on  therapy.  During  this  period  the  patients  will  be 
on  a  standard  diet.  Careful  observations  of  joint  inflammation 
as  well  as  skin  involvement  will  be  made.  The  study  is  being 
conducted  in  cooperation  with  Drs.  Eugene  Van  Scott  and 
Arthur  Eisen  of  the  NCI. 
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Total:   3 
Professional:   1 
Other:  2 

Project  Description: 

Objective: 

^o  study  the  clinical,  serological  and  pathological  spectrum 
of  Sjogren's  syndrome  and  its  relationship  to  rheumatoid  arthritis 
and  other  connective  tissue  diseases. 

Methods  Employed;  Major  Findings: 

Clinical  Aspects. 

Forty  patients  with  Sjogren's  syndrome  have  been  studied 
by  methods  outlined  in  last  year's  project  report.  Almost  all 
of  these  patients  had  ocular  and  oral  symptoms  related  to  failure 
of  secretion  of  the  glands  responsible  for  moistening  the  involved 
surfaces.  In  addition,  seventeen  patients  had  definite  or  classical 
rheumatoid  arthritis  (Group  A)  and  two  had  possible  rheumatoid 
arthritis  (Group  B) .  Two  patients  had  scleroderma  (Group  C). 

Part  B  included    Yes   /x7    No   /T 
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Four  patients  had  muscle  weakness,  chiefly  affecting  proximal 
muscle  groups.   The  presence  of  a  myopathy  was  confirmed 
electromyographically  and  histologically  (Group  D).  Fifteen 
patients  had  only  ocular  and  oral  manifestations  of  Sjogren's 
syndrome  unaccompanied  by  one  of  the  major  connective  tissue 
diseases  (Group  E) • 

The  sicca  syndrome  as  it  occurs  in  patients  with 
rheumatoid  arthritis  appears  indistinguishable,  clinically  as  well 
as  histologically,  from  the  sicca  complex  occurring  alone. 
However,  patients  in  Group  E  appeared  to  have  a  more  fully 
expressed  form  of  the  disease;  for  example,  parotid  enlargement 
by  history  or  physical  examination  occurred  in  five  patients  in 
Group  A  and  in  12  of  15  patients  in  Group  E. 

Serological  Reactions. 

The  bentonite  flocculation  test  (BFT)  for  rheumatoid 
factor  was  positive  in  all  patients  in  the  entire  series.  The 
sensitized  sheep  cell  agglutination  (SSCA)  test  was  positive  in 
14  of  17  patients  in  Group  A,  all  patients  in  Group  B,  C,  D, 
and  in  14  patients  in  Group  E.  Although  this  discrepancy  in 
results  obtained  with  two  tests  for  rheumatoid  factor  may  depend 
on  differences  in  sensitivity  of  the  test,  it  is  likely  that 
some  patients  with  Sjogren's  syndrome  produce  only  the  factor 
reacting  with  human  gamma  globulin  (bentonite  coated  with  pooled 
normal  human  gamma  globulin). 

Sera  from  these  patients  were  tested  by  the  immuno- 
fluorescent  method  for  the  presence  of  a  factor  which  reacts  with 
cell  nuclei  of  mouse  liver  sections  (antinuclear  factor).  Nine 
of  15  tested  in  Group  A  reacted  in  titers  of  1:4  to  1:32.  Both 
patients  with  scleroderma  reacted  in  high  titer.  Ten  of  10 
patients  tested  in  Group  E  reacted  in  titers  of  1:32  to  1:512. 
Of  the  entire  series,  77%  had  demonstrable  antinuclear  factor. 
In  marked  contrast  to  the  frequent  occurrence  of  this  antinuclear 
factor,  LE  cells  were  found  in  only  three  patients,  all  In 
Group  A,  with  classical  rheumatoid  arthritis. 

The  Ouchterlony  gel  diffusion  precipitin  technique 
was  employed  in  an  attempt  to  demonstrate  specific  antibodies 
to  salivary  or  lacrimal  gland  constituents.  We  were  unable  to 
demonstrate  a  precipitin  reaction  between  patients'  whole  serum 
and  an  extract  of  human  salivary  gland  which  would  not  also  occur 
with  most  normal  sera.  However,  recent  experiments  using 
isolated  gamma  globulin  and  incubation  at  37°C  for  36  hours,  have 
demonstrated  precipitin  reactions  between  sera  of  patients  with 
Sjogren's  syndrome  and  extracts  of  salivary  gland.  However,  similar 
reactions  also  occurred  with  liver,  kidney  and  thyroid  extracts. 
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Many  experiments  will  have  to  be  done  in  order  to  determine  whether 
the  observed  precipitin  lines  represent  antigen-antibody  precipitates- 
or  less  specific  interactions  between  serum  constituents  and  human 
tissue  antigens.  Before  the  latter  experiments  were  done,  extensive 
investigations  had  been  carried  out  using  a  complement  fixation 
test.  It  was  found  that  sera  from  patients  with  Sjogren's  syndrome 
incubated  with  homogenates  of  salivary  gland,  liver,  kidney, 
thyroid  and  some  muscle  preparations,  fixed  a  significant  amount 
of  complement.  Results  obtained  with  a  representative  tissue, 
liver,  were  as  follows:  Two  of  17  patients  in  Group  A  reacted 
in  titers  of  1:40  and  1:120;  the  two  patients  in  Group  B  reacted 
in  titer  of  1:1000  to  1:360;  in  Group  C  no  reactions  were  obtained; 
in  Group  D  two  of  three  patients  reacted  and  in  Group  E  13  of  15 
patients  reacted  in  titers  of  1:360  to  1:1000.   The  antigen  present 
in  the  various  tissues  used  is  probably  identical  and  appears  to 
be  a  soluble  cytoplasmic  or  nuclear  constituent.   Following  ultra- 
centrifugation  of  tissue  homogenates  at  140,000  x  g,  the  active 
fraction  remained  in  the  supernatant  while  nuclei,  mitochondria 
and  microsomes  presumably  were  sedimented.   The  serum  constituent 
involved  in  this  reaction  was  found  in  the  gamma  globulin  fraction 
following  ammonium  sulfate  and  electrophoretic  separation.  The 
complement  fixation  reactions  observed  in  Sjogren's  syndrome  appear 
to  belong  to  the  group  called  "autoimmune  complement  fixation" 
reactions  observed  by  Gajdusek  and  others  in  patients  with  systemic 
lupus  erythematosus,  chronic  liver  diseases  and  some  infectious 
diseases. 

The  method  used  to  test  for  antibodies  to  thyroglobulin 
was  a  modification  of  the  tanned  human  group  0  Rh+,  erythrocyte 
agglutination  technique  (T.R.C.)  developed  by  Roitt  and  Doniach. 
Thyroglobulin  used  as  antigen  in  this  procedure  was  prepared  by 
a  method  of  differential  uitracentrifugation  developed  by  Edelhoch 
of  this  Institute.  Thyroglobulin  solutions  prepared  by  this 
procedure  appear  to  be  more  "active"  than  thyroglobulin  prepared 
by  the  Derrien  phosphate  fractionation  procedure  (on  the  basis  of 
equal  protein  concentrations  of  the  two  solutions).   The  sensitivity 
of  the  T.R.C.  was  further  enhanced  by  reducing  the  final  concentra- 
tion of  sensitized  cells  to  0.5%  instead  of  1%. 

The  validity  of  the  new  method  was  established  by 
testing  a  group  of  "normal"  individuals  (pre-employment  physical 
examinees  at  NIH)  and  patients  with  thyroid  disease.  In  the 
former  group,  149  sera  were  examined.  Of  those  in  the  age  group 
17-29,  none  of  84  individuals  reacted  in  any  serum  dilution. 
One  of  28  men  and  9  of  34  women  in  the  age  group  30-59  were 
positive  in  titers  of  1:16  to  1:8192.  A  few  of  the  positive 
reactors  had  either  a  personal  or  family  history  of  thyroid 
disease.  The  unusual  frequency  of  positive  tests  found  especially 

-^73 


Serial  No.  NIAMD-ARB-2c 

Page  4 
among  women  in  this  age  group  (277.)  is  in  agreement  with  results 
reported  on  individuals  without  thyroid  disease  by  Hackett, 
Beecher  and  Forbes. 

Five  of  seven  patients  with  Hashimoto's  thyroiditis  were 
positive,  three  in  very  high  titer.  Five  of  ten  patients  with 
hyperthyroidism  were  positive.  None  of  seven  patients  with 
hypothyrpidism  and  none  of  seven  with  thyroid  carcinoma  had 
positive  tests.  Of  16  patients  with  non-toxic  nodular  goiters, 
two  were  positive. 

Forty  patients  with  Sjogren's  syndrome  were  investigated 
by  clinical  and  serological  methods  for  the  presence  of  thyroid 
abnormalities.  Although  six  patients  had  an  enlarged  thyroid 
gland,  only  one  of  these  was  hypothyroid.  Thyroglobulin  antibodies 
were  found  in  low  titers  in  two,  in  moderate  titers  in  eight 
and  in  high  titer  in  one  patient.  Five  of  the  six  patients  with 
enlarged  thyroid  glands  had  antibodies .  Tissue  obtained  at 
operation  in  three  patients  with  enlarged  thyroid  glands  disclosed 
Hashimoto's  thyroiditis  and  a  microfollicular  adenoma  in  one, 
chronic  thyroiditis  in  a  second  patient  and  normal  thyroid  tissue 
with  minimal  lymphocytic  infiltration  in  the  third.  Whether 
positive  thyroglobulin  antibody  tests  are  related  to  Sjogren's 
syndrome  in  the  remaining  patients  or  are  a  manifestation  solely 
related  to  age  and  sex  of  these  individuals  cannot  be  determined 
from  the  available  data. 

The  T.R.C.  test  was  also  performed  on  relatives  of 
patients  with  Sjogren's  syndrome  and  on  controls  and  their  relatives. 
Of  129  patient  relatives,  21  were  positive,  including  11  individuals 
with  titers  of  1:1024  or  more.  Five  of  46  control  relatives  were 
positive;  none  had  titers  exceeding  1:256.   Interpretation  of  these 
findings  will  depend  on  the  correlation  with  thyroid  disease  in 
these  two  groups.  Correlative  studies  have  not  yet  been  completed. 

In  Stmmary; 

Sjogren's  s5mdrome  is  chiefly  characterized  by  excessive 
numbers  of  lymphocytes  and  plasma  cells  in  structures  of  the  upper 
alimentary  tract  and  its  appendages  and  in  the  upper  and  lower 
respiratory  tract,  where  these  cells  are  usually  present  widely 
scattered  and  fewer  in  number.  Whether  the  cells  proliferate  from 
precursors  of  these  normal  cells  or  whether  they  are  invaders 
formed  at  other  sites  is  not  known.  However,  associated  with  their 
presence  is  a  disappearance  of  the  functioning  acini  of  the  involved 
structures.  Marked  hypergammaglobulinemia  and  numerous  antibodies 
to  tissue  components  are  found.  The  role  of  these  antibodies  or 
of  the  cells  present  in  the  damaged  tissue  sites,  in  the  pathogenesis 
of  Sjogren's  syndrome  remains  to  be  explored.  The  relationship 
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of  these  antibodies  and  cells  to  the  joint  and  other  manifestations 
of  the  associated  connective  tissue  disorders  also  remains  to  be 
further  investigated. 

Significance  to  NIAMD  Research; 

Sjogren's  syndrome  is  a  little  known  variant  of  rheumatoid 
arthritis.  An  altered  immune  mechanism  may  be  involved  in  its 
pathogenesis.  More  complete  knowledge  of  this  syndrome  and  its 
relationship  to  rheumatoid  arthritis  and  other  connective  tissue 
diseases  may  increase  our  understanding  of  the  latter  processes. 

Future  Experiments. 

1)  Experiments  will  continue  to  define  the  antigens  and 
antibodies  involved  in  the  precipitin  reactions  between  sera 
from  patients  with  Sjogren's  syndrome  and  tissue  constituents. 

2)  Attempts  to  produce  an  experimental  counterpart  of 
Sjogren's  syndrome  in  animals  will  be  continued. 

3)  Family  studies  of  patients  with  Sjogren's  syndrome 
and  their  controls  will  be  continued  in  an  attempt  to  discover 
whether  there  are  differences  in  prevalence  of  joint  disease 
or  serological  manifestations  in  patients  with  Sjogren's 
syndrome  with  and  without  rheumatoid  arthritis. 
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its  pathogenetic  implications.   (ACCEPTED  FOR  PUBLICATION 
IN  ANN.  RHEUM.  DIS.). 

Honors  and  Awards  relating  to  this  project: 

Dr.  Joseph  J.  Bunim  was  awarded  the  Heberden  Medal  by  the 
Heberden  Society  of  Great  Britain  in  recognition  of  his  research 
in  the  rheumatic  diseases.      '^ 
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Project  Title:  The  Bentonite  Floceiolation  Test  in  Rheijmatoid  Arthritis 
Principal  Investigator:  Dr.  Kiirt  J.  Bloch 
Other  Investigators:     Dr.  Joseph  J.  Bunim 
Cooperating  Units:      Dr.  Edwin  M.  Lemer  (NIIMD-LPH) 
Man  Years  (calendar  year  I960): 

Total:  li 

Professional:  |- 
Other:   1 
Project  Description: 

Ob.iectives; 

To  continue  the  evaluation  of  the  bentonite  flocctilation  test  (BFT) 
as  a  diagnostic  aid  in  rheumatoid  arthritis  and  as  a  research  tool  in 
studying  connective  tissue  diseases. 

Methods  Employed:  Ma,ior  Findings: 

Sensitivity  and  Specificity  of  the  BFT. 

Since  the  introduction  of  the  BFT,  a  total  of  5000  tests  have 
been  performed  on  sera  from  in-patients  and  admission  and  followup 
patients  as  well  as  other  referrals.  Among  patients  with  definite  or 
classical  rheimatoid  arthritis,  85-90^  have  had  a  positive  BFT.  In  a 
group  of  30  patients  with  juvenile  rheumatoid  arthritis  the  test  was 
positive  in  4-.  In  agreement  with  the  experience  of  others,  none 
of  the  children  with  onset  of  juvenile  rheumatoid  arthritis  before  age  7 
•  were  positive.  The  closely  related  connective  tissue  diseases  continue 
to  contribute  the  next  highest  incidence  of  positive  tests.  Among  23 
patients  with  systemic  lupus  erythematosus  12  had  a  positive  test  and  7 
of  14  patients  with  scleroderma  were  also  positive.  In  the  course  of 
studies  now  in  progress  on  psoriatic  arthritis,  sera  from  27  patients 
vrith  psoriasis  and  psoriasis  with  arthritis  have  been  tested.  None  of 
4-  patients  with  extensive  psoriasis  were  positive.  Of  23  patients  who 
had  psoriasis  with  arthritis,  6  had  a  positive  BFT.  It  is  expected  that 
the  results  of  serological  tests  will  help  to  differentiate  definite 
rheumatoid  arthritis  from  a  rhe-umatoid-lite  arthritis  occurring  in  patients 
with  psoriasis. 
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Use  of  the  BFT  in  Epidemiological  Screening. 


The  BFT  was  performed  on  615  sera  obtained  in  the  course  of  a  Health 
Examination  Siirvey  (National  Health  Survey)  in  several  U.S.  cities.  Kesiolts  are 
presented  in  tabular  form. 

City #  Tested BFT  Pos. SSCA  Pos. 

Washington,  D.C.  113  1  0 

Philadelphia,  Pa.  I38  9  3 

Valdosta,  Georgia  I86  11  1 

Akron,  Ohio  I78  k  1 

Total  615         25  (4.1^)         5  (0.8^) 

In  this  study  all  BFT  positive  sera  (titer  1:32  or  ]>  )  are  subse- 
quently tested  in  the  sensitized  sheep  cell  agglutination  (SSCA)  test.  The 
reason  for  the  use  of  both  tests  is  that  the  former  is  more  sensitive  and  the 
latter  more  specific  for  the  serum  factor  present  in  rheumatoid  arthritis.  For 
example,  all  three  patients  with  a  positive  BFT  and  SSCA  in  the  Philadelphia 
series  had  a  history  and/or  radiographic  evidence  of  rheumatoid  arthritis;  the 
remaining  6- BFT  positive  individuals  did  not. 

Attempts  to  Produce  Rheumatoid  Factor-like  Constituents  in  Experimental 
Animals. 

Mllgrom  and  Witebksy  have  reported  the  production  of  a  serum  factor 
In  rabbits  which  reacts  preferentially  with  hiiman  gamma  globulin.  This  searum 
factor  was  produced  by  the  reinjectlon  of  gamma  glob\iLin  obtained  from  the 
donor- rabbit .  Experiments,  now  in  progress,  attempting  to  reproduce  this  phe- 
nomenon have  so  far  been  ■unsuccessful.  The  animals  have  received  3  courses  of 
immunization  with  own  gamma  globulin  alone  (4)  own  gamma  globulin  in  complete 
Freund's  adjuvant  {k)   and  adjuvant  alone.  Sera  tested  in  the  BFT  and  SSCA  have 
so  far  been  negative. 

Significance  to  Bio-Medical  Research; 

The  BFT  is  an  important  tool  for  the  clinical  and  experimental  investiga- 
tion of  serological  reactions  in  rheumatoid  arthritis. 

Part  B.     Honors,  Awards,  and  Publications. 

Publications  other  than  abstracts  from  this  project: 

1)  Lemer,  E.M.,  II,  Bloch,  K.J.,  and  Williams,  R.R.,  Jr.: 

"Rheumatoid"  serologic  reactions  in  experimental  animals. 
II.  Bentonlte  flocculatlon  test  in  rats  with  experimental 
arthritis.  Arth.  &  Rheum.  3:26-U0,  I96O 

2)  Blumberg,  B.S.,  Bloch,  K.J.,  Black,  R.L.  and  Dotter,  C" 

A  study  of  the  prevalence  of  arthritis  in  Alaskan  Eskimos. 
(accepted  for  PUBLICATION  IN  ARTHRITIS  AND  RHEUMATISM).    .  -,  ^ 
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Objectives; 

Ascertain  relationships  and  associations  between  arthritic 
and  rheumatic  conditions  and  possible  etiologic  or  contributory 
factors  in  different  population  groups. 

Methods  Employed: 

Studies  during  1960  were  based  on  a  "family  study"  of  patients 
with  Sjogren's  syndrome  in  which  all  possible  blood  relatives  of 
a  group  of  patients  with  this  condition  were  sought  out  and 
clinical  history,  physical  examination,  roentgenograms  and  a  blood 
specimen  were  obtained,  using  a  22  foot  travel  trailer  as  a  mobile 
clinic  and  laboratory.  Similar  studies  were  performed  on  an  equal 
number  of  controls  consisting  usually  of  the  nearest  neighbor 
of  the  same  race,  sex  and  age,  and  their  relatives.  The  data 
are  being  entered  on  marginal  punch-cards  for  statistical  processing 
and  evaluation. 
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Patient  Material: 


No  in-patients  were  studied  in  this  project.  The  patients 
whose  families  were  investigated^  however,  had  all  been  studied 
as  in-patients  as  part  o£  another  project. 

Major  Findings; 

A  total  of  223  individuals  were  examined  in  this  study  as 
of  December  1,  I960,  including  spouses  and  some  in-laws. 
Analysis  has  only  been  completed  on  162  of  these  individuals, 
which  is  too  small  a  group — particularly  since  there  were 
approximately  three  times  as  many  patients'  relatives  as  controls' 
relatives — upon  which  to  base  conclusions. 

Significance  to  Bio-Medical  Research  and  the  Institute  Program; 

Even  if  the  etiologic  basis  of  the  disease  should  not  be 
demonstrated  in  this  study,  the  various  associations  and  relationships 
which  will  be  uncovered  should  indicate  new  avenues  for  further  research 
which  may  lead  to  the  elucidation  of  the  etiology  or  may  indicate 
methods  of  control. 

Proposed  Course  of  Project; 

The  project  will  be  expanded  during  the  next  year  to  include  surveys 
on  certain  contrasting  population  groups. 
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Part  B   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

1)  Burch,  T.  A.:  The  ecology  of  onchocerciasis.  In  May,  J.  M. : 
The  Ecology  of  Human  Disease.  American  Geographical  Society, 
Vol.  2,  in  press. 

Honors  and  Awards  relating  to  this  project: 

Dr.  Thomas  A.  Burch  was  elected  Fellow,  Epidemiology  Section, 
American  Public  Health  Association. 
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Project  Description: 

Objective; 

To  observe  and  explain  in  vitro  steroid  effects^  ultimately 
attempting  to  define  mechanism(s)  of  action  at  the  molecular  level. 

Methods  Employed: 

Tissue  homogenates,  extracts,  and  purified  enzymes  were 
studied,  using  direct  enzyme  assays,  specific  chemical  analyses, 
spectroscopy,  and  other  physical,  chemical,  and  analytical  procedures. 

Major  Findings: 

A.   Inhibition  of  DPNH-Cytochrome  C  Reductase:  As  described  in  the  1959 
Annual  Report,  low  concentration  of  hormonally  active  steroids  and 
diethylstilbestrol  were  shown  to  inhibit  DPNH-cytochrome  c  reductase 
between  the  flavoprotein  and  cytochrome  b  (or  coenzyme  Q),  and 
this  inhibition  could  be  competitively  overcome  by  a- tocopherol 
and  various  other  lipids.  Furthermore,  an  alternate  route  of 
electron  transport  was  identified  from  the  flavoprotein  to  cyto- 
chrome c.  As  a  future  step  in  localizing  the  effect  of  steroids 
on  this  sequence  (as  described  in  earlier  reports)  the  reduction 
of  internal  coenzyme  Q  was  studied  in  beef  heart  mitochondria.  As 
expected,  steroid  inhibition  of  coenzyme  Q  reduction  was  observed, 
thus  confirming  the  site  of  inhibition  to  be  just  beyond  the 
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flavoprotetn  level, 

(DPNH— >  FP  <|  ^  Cj-^  C  ->  ) 

Additional  work  has  been  done  in  characterizing  the  basic 
effect,  and  particularly  in  identifying  possible  physiologic 
sequelae.  It  has  been  shown  that  soluble  preparations  of 
cytochrome  c  reductase  from  microsomes  and  mitochondria  are 
affected  in  a  manner  similar  to  the  particulate  preparations. 
Some  specificity  of  the  lipid  reversal  of  the  steroid  effect  is 
suggested  since  a-tocopherol  does  not  diminish  the  degree  of 
inhibition  of  DPNH  oxidation  by  amytal  or  chlorpromazine  (see 
below)  both  of  which  block  the  electron  transport  chain  at 
approximately  the  same  level.  More  intensive  study  of  beef 
pituitary  and  human  placental  enzyme  preparations  has  not  revealed 
any  striking  differences  in  response  from  the  rat  tissues  examined. 

In  collaboration  with  Dr.  Deatsch,  two  morphologically 
identical  mouse  lymphomas  (one  of  which  is  sensitive  and  one 
resistant  to  steroid  treatment),  have  been  studied  in  some 
detail.   No  distinguishing  differences  were  found,  either  in 
activity  or  steroid  responsiveness  of  the  electron  transport 
systems  in  particulate  cell  fractions. 

In  view  of  the  observed  frequency  of  cataracts  in  patients 
receiving  long-term  steroid  in  high  doses,  several  oxidative 
reactions  of  beef  lens  tissue  have  been  observed  with  respect  to 
steroid  effects.  The  DPNH- cytochrome  c  reductase  was  significantly 
inhibited,  while  Zwischenferment,  glutathione  reductase,  and  TPNH 
oxidase  were  unaffected. 

The  DPN-dependent  oxidation  of  pyruvic  acid  to  acetyl 
coenzyme  A  and  CO2  is  the  metabolic  step  which  permits  the  entry 
of  glucose  carbon  into  the  Krebs  cycle,  and  its  rate  might  be 
important  in  the  regulation  of  carbohydrate  metabolism.  Steroid 
hormones  have  been  shown  to  inhibit  this  reaction  in  vitro; 
and  the  elevated  blood  levels  of  pyruvic  acid  in  patients  with 
Gushing 's  disease  and  upon  steroid  administration  suggest  some 
such  action  of  these  hormones  in  vivo. 

Since  the  oxidation  of  DPNH  to  DPN  by  the  DPNH  oxidase  reac- 
tion is  strongly  inhibited  by  various  steroid  hormones,  it  was 
suspected  that  the  steroid  inhibition  of  pyruvate  oxidation  might 
be  due  to  curtailment  of  DPN  arising  from  DPNH  oxidation. 
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Pyruvate  oxidation  in  homogenates  of  rat  tissue  was  stimulated 
by  the  addition  of  cytochrome  c  and/or  liver  microsomes^  which 
specifically  stimulate  DPNH  oxidation.  This  showed  that  the  rate 
of  pyridine  nucleotide  oxidation  could  control  that  of  pyruvate. 
Alpha- tocopherol,  which  prevented  steroid  inhibition  of  the 
DPNH  oxidase,  also  overcame  the  steroid  suppression  of  the 
pyruvate  reaction.  When  DPNH  oxidation  was  impeded  by  other 
inhibitors  of  electron  transport,  such  as  amytal  or  antiraycin  A, 
there  was  a  corresponding  depression  of  the  oxidation  of  pyruvate, 
and  a-tocopherol  could  not  overcome  this  effect. 

These  findings  illustrate  that  steroids  can  regulate  the 
oxidative  decarboxylation  of  pyruvic  acid,  by  virtue  of  their 
ability  to  inhibit  oxidation  of  DPNH.  The  possibility  is  being 
investigated  that  a  direct  mechanism  of  inhibition  also  exists. 

It  has  been  established  by  other  investigators  that  steroid 
hormone  administration  can  result  in  a  five- fold  increase  in 
glutamic  pyruvic  transaminase  (GPT)  activity  in  the  rat  liver. 
In  order  to  examine  the  possibility  that  this  induction  could 
result  from  the  accumulation  of  substrate  pyruvate  after  steroid 
administration,  a  group  of  6  rats  were  given  injections  of 
pyruvate  over  a  2-week  period.  Comparison  of  the  liver  GPT 
activities  with  6  controls  revealed  no  significant  differences. 
The  question  of  whether  the  pyruvate  was  actually  increased  at 
the  cellular  level  by  this  procedure  has  not  been  established. 

B.   Inhibition  of  the  Glutamic  Dehydrogenase  (GDH)  Reaction;   In 
studying  the  possible  sequelae  of  the  steroid  inhibition  of  DPNH 
oxidation,  we  were  led  to  examine  the  effects  of  steroids  on 
certain  DPN  requiring  dehydrogenases.  The  oxidation  of  glutamate 
to  a-ketogluterate  (oKG)  and  ammonia  by  DPN  (or  TPN)  the  GDH 
reaction  was  of  particular  interest  because  of  the  importance  of 
glutamic  acid  in  amino  acid  synthesis  and  breakdown,  it  seemed 
reasonable  in  a  system  which  contains  both  glutamic  dehydrogenase 
(GDH)  and  DPNH- cytochrome  c  reductase,  the  inhibition  of  the 
latter  reaction  by  steroids  could  depress  the  oxidation  of  glutamate 
when  DPN  was  rate- limiting.  In  accordance  with  this,  5  x  10*^  M 
progesterone  caused  a  2.7-fold  increase  in  the  rate  of  DPNH 
accumulation  in  a  system  consisting  of  DPN,  glutamate,  and 
disrupted  liver  particles. 

When  this  phenomenon  was  examined  in  greater  detail,  however, 
it  was  found  that  besides  their  effect  on  DPNH- cytochrome  c 
reductase,  some  steroids  could  inhibit  glutamic  dehydrogenase 
directly.  This  was  shown  with  soluble  extracts  prepared  by 
freezing  and  thawing  liver  mitochondria  in  distilled  water. 
Subsequently,  the  reaction  has  been  studied  in  considerable 
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detail,  using  the  crystalline  enzyme  prepared  from  beef  liver. 
When  the  activity  is  assessed  either  by  reduction  of  a-keto-— 
glutarate  or  oxidation  of  glutamic  acid;  using  either  di-  or 
tri-phosphopyridine  nucleotide  as  co- factor,  various  steroids 
((and  diethylstilbestrol  (DES)  ))  were  able  to  produce  significant 
inhibition. 

In  addition  to  detailed  kinetic  appraisal  of  the  steroid- 
enzyme  interaction,  evidence  has  been  obtained  that  the  steroids 
induce  a  reversible  change  in  the  structure  of  the  enzyme. 

Diethylstilbestrol,  estradiol,  progesterone,  and  testosterone, 
(in  that  order)  were  the  most  effective  compounds  studied,  while 
the  corticoids  were  relatively  ineffective  either  alone  or  in 
combination  with  other  steroids.   Diethylstilbestrol  produced 
significant  inhibition  in  concentrations  as  low  as  10~7  M. 
Of  considerable  interest  was  the  fact  that  adenosinediphosphate 
(ADP)  (and  to  a  much  lesser  extent  ATP  and  AM?)  prevented  the 
steroid  inhibition,  particularly  since  ten  times  as  much  ADP 
was  necessary  to  reverse  the  inhibition  observed  when  the 
reductive  reaction  was  studied. 

A  study  of  steroid  concentration  effects,  both  in  rat  liver 
mitochondria  and  in  the  cyrstalline  beef  liver  enzyme,  has 
yielded  complex  data  perhaps  best  explained  on  the  basis  of 
multiple  binding  sites  for  the  steroid. 

The  steroid  inhibition  has  been  extensively  examined  using 
varying  concentrations  of  the  different  substrates  (glutamate, 
DPN,  TPN,  DPNH,  TPNH,  a-ketoglutarate,  NH3)  and  no  clear  cut 
competitive  relationships ' have  been  established.  However,  very 
high  (Ca  10"^  M)  concentrations  of  DPN,  but  not  TPN,  will  prevent 
the  steroid  effect.  Conversely,  high  concentrations  of  a-keto- 
glutarate, DPNH,  and  TPNH,  enhance  the  inhibition.  The  complicated 
kinetics  of  the  reaction  in  the  presence  of  steroid  suggest  that 
at'  least  1  form  of  the  enzyme- inhibitor  complex  may  retain  some 
catalytic  activity. 

Some  information  has  been  obtained  concerning  the  binding 
site  of  the  steroid,  suggesting  that  a  sulfhydryl  group  may  be 
involved.  Parachloromercuribenzoate  (PCMB),  in  concentrations 
insufficient  to  inhibit  the  enzyme,  was  shown  to  reduce  the 
degree  of  steroid  inhibition.  Appropriately,  DES  was  also  shown 
to  retard  the  formation  of  enzyme  -  PCMB  complex,  as  measured  by 
following  the  optical  density  of  the  complex  at  250  mji.  On  the 
other  hand,  the  steroids  were  shown  to  prevent  I2  inactlvatlon 
of  the  enzyme. 


U85 


Serial  No.  HIAMD-ARB-5c 
Page  5 

In  addition  to  the  beef  and  rat  liver  enzymes,  GDH  has  also 
been  prepared  from  chicken  liver,  rat  testis,  rat  kidney,  rat 
heart,  rat  liver,  S.  typhrimurium  and  Neurospora  crasa.  Only 
the  latter  two  failed  to  show  steroid  inhibition. 

Thyroxine  and  1,10-phanthroline,  both  inhibitors  of  the  GDH 
reaction,  were  additive  with  steroid. 

Since  it  had  been  shown  by  Frieden  that  various  inhibitors 
of  GDH  could  dissociate  the  enzyme  into  inactive  subunits,  the 
effects  of  steroids  and  DES  on  the  sedimentation  properties  of 
the  enzyme  were  examined.  It  was  observed  that  DES,  estradiol, 
and  progesterone  could  promote  a  dissociation  of  the  crystalline 
enzyme  into  two  forms  appearing  in  the  ultracentrifuge  as  two 
peaks  of  12- 14s  and  24-26s.  The  effectiveness  of  the  three 
compounds  as  inhibitors  of  the  reaction  was  well  correlated  with 
the  degree  of  splitting  observed.  ADP,  which  prevented  the 
inhibition  of  the  reaction,  also  prevented  the  steroid-dissociation 
of  the  enzyme. 

Further  evidence  for  competition  between  PCMB  and  steroid  was 
obtained  in  that  the  PCMB  inactivated  enzyme  could  not  be  split 
by  steroid. 

The  intimate  mechanism  by  which  certain  steroids  can  dissociate 
such  a  protein  aggregate  into  subunits  has  not  been  determined. 
Although  GDH  is  rich  in  sulfur,  it  is  apparently  not  held  together 
by  S-S  bonds  since  prolonged  incubation  of  the  enzjrme  with  the 
reducing  agent,  thioglycollate,  did  not  result  in  any  decrease  in 
activity.   (In  fact,  thioglycollate  protected  GDH  against  loss 
in  activity  from  prolonged  incubation  and  prevented  steroid 
inhibition).  It  is  perhaps  revealing  that  GDH  could  also  be 
dissociated  with  the  detergent,  sodium  dodecylsulfate,  although 
it  was  somewhat  less  effective  than  the  steroids.  A  possible 
mechanism,  then,  is  that  of  hydrophobic  bond  disruption. 

The  interesting  findings  of  Struck  and  Sizer  that  GDH  can 
catalyze  the  oxidation  of  amino  acids  other  than  glutamate  (albeit 
at  considerably  slower  rates)  prompted  an  examination  of  the 
effects  of  steroids  when  these  are  used  as  substrates.  It  has  been 
observed  that  steroids  produce  varying  effects  depending  on  the 
particular  substrate  used.  Of  greatest  interest  was  the  reversible 
reductive  amination  of  pyruvate  to  alanine  which  can  be  catalyzed 
by  GDH  at  a  rate  1/200  that  of  glutamate.  That  the  same  protein 
is  responsible  for  the  2  activities  was  proved  by  DEAE  cellulose 
column  chromatography,  heat  inactivation,  alcohol  fractionation, 
and  ultracentrifugation.  Evidence  indicates  that  the  pyruvate- 
alanine  interconversion  is  catalyzed  chiefly  by  the  dissociated 
form  of  the  GDH  molecule  which  is  inactive  toward  glutamate. 
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Thus  the  pyruvate-alanine  reaction  is  stimulated  by  steroid 
hormones,  DPNH,  and  10  phonar thro line,  all  of  which  dissociate 
GDH  into  subunits  and  thus  inhibit  glutamate  oxidation.  On  the 
other  hand,  the  alanine  pyruvate  activity  was  inhibited  by  those 
things  such  as  high  concentration  of  DPN  and  TPN  and  ADP  which 
cause  association  of  enzyme  and  stimulate  glutamate  oxidation. 

Thus,  not  only  does  the  state  of  aggregation  of  the  GDH 
molecule  determine  its  catalytic  behavior  as  Frieden  has  shown, 
but  also  its  substrate  specificity.  Therefore,  steroid  hormones 
in  dissociating  glutamic  dehydrogenase  into  subunits,  impede 
its  function  in  interconverting  glutamate  and  g-ketoglutarate, 
while  facilitating  its  function  in  catalyzing  the  alanine 
dehydrogenase  reaction. 

Significance  to  Bio-Medical  Research  and  the  Institute  Program; 

The  present  findings  hopefully  may  lead  to  a  better  understanding 
of  the  mechanisms  of  hormone  action.  Although  the  physiological  impact 
of  such  an  effect  on  the  glutamic  dehydrogenase  reaction  cannot  be 
appraised  at  the  present  time,  these  findings  present  an  interesting 
model  system  of  steroid  action  in  which  both  the  catalytic  behavior  and 
substrate  specificity  of  an  enzyme  are  changed  as  a  result  of  a  steroid- 
induced  alteration  in  the  structure  of  the  enzyme  molecule.  In 
addition,  the  finding  that  a  single  enzyme  may  catalyze  different 
reactions  depending  on  its  state  of  aggregation,  presents  a  model 
mechanism  by  which  both  diversification  of  enzyme  function  and  develop- 
ment of  new  genetic  characteristics  could  occur. 


Addendum 


Studies  on  the  Glutamic  Dehydrogenase  Reaction; 

Previous  workers  have  concluded  that  substrates  bind  to  GDH  only 
in  an  obligatory  sequence  with  pyridine  nucleotide  binding  first.  We 
have  studied  substrate  protection  against  I2  inactivation  of  the  enzyme 
and  have  observed  that  each  substrate  (glutamate,  DPN,  TPN,  a-keto- 
glutarate,  TPNH,  DPNH,  and  NH3)  can  afford  protection  in  the  absence  of 
any  other,  suggesting  that  substrates  can  bind  independently  to  the 
enzyme.  Also  in  contrast  to  previous  work,  we  have  observed  that  TPNH, 
like  DPNH,  can  inhibit  the  enzyme  at  high  concentration,  and  produces 
dissociation  as  shown  by  sedimentation  in  the  ultracentrifuge. 

Frieden  reported  that  DPN  in  high  concentration  results  in  "activa- 
tion" of  the  enzyme.  In  our  studies,  similar  results  have  been  obtained 
with  high  concentrations  (Ca  5  x  10"^  +)  of  glutamate.  This  was  seen 
when  either  DPN  or  TPN  served  as  the  oxidizing  agent. 
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Principal  Investigator:  Dr.  K.  Lemone  Yielding 

Other  Investigators:  Dr.  Alexander  Deutsch 

Man  Years  (calendar  year  1960) 
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Professional:   1 
Other:  1/2 

Project  Description: 

Objective: 

To  contrast  various  types  of  inhibitors  of  terminal  respiration. 

Major  Findings: 

Dr.  Deutsch  has  found  that  the  tranquilizing  drugs  of  the 
phenothiazine  group  have  an  inhibitory  effect  on  DPNH-cytochrome  c 
reductase  in  vitro,  as  prepared  from  rat  liver  and  rat  brain 
microsomes.  Drug  concentration  necessary  to  produce  50%  inhibition 
of  the  enzyme  ranged  from  2  x  10-5  M  to  1.1  x  10"^  M.  Lineweaver- 
Burke  plots  made  with  different  phenothiazine  drugs  generally 
showed  only  a  gradual  slope  with  low  inhibitor  concentration  but 
a  very  sharp  upswing  when  inhibition  approached  50%.  This 
suggests  perhaps  that  non-specific  binding  sites  are  first  saturated 
and  with  higher  concentrations  significant  binding  to  active  sites 
on  the  enzyme  takes  place.  The  phenothiazine  showed partially 
additive  effects  on  DPNH-cytochrome  c  reductase  with  both  amytal 
and  antimycin  A,  somewhat  greater  with  the  former.  Succinate 
cytochrome  c  reductase  was  inhibited  but  required  higher  concentra- 
tions of  inhibitor  than  the  DPNH-cytochrome  c  reductase.  These 
data  suggest  that  the  phenothiazines  may  have  their  effect  both 
between  flavoprotein  and  cytochrome  b  (as  does  anytal)  and  between 
cytochromes  b  and  c,   (as  does  antimycin  A). 

Part  B  included    Yes  £1  No   /x7 
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Representatives  of  other  groups  of  psychoparmaceutically 
active  drugs,  both  depressants  and  stimulants  were  tested  for 
inhibitory  effect  on  DPNH- cytochrome  c  reductase.  Of  these, 
only  diphenhydramine  (benadryl)  showed  significant  inhibition 
in  a  concentration  below  1  x  10"^  M. 

These  findings  suggest  the  possibility  that  one  of  the 
effects  of  these  drugs  is  to  inhibit  terminal  respiration  in 
vulnerable  cells. 

In  addition,  five  different  classes  of  antimalarial  drugs, 
and  certain  "co-carcinogens"  including  aminoazotolnene  derivatives, 
and  fluorenylacelamide  derivatives  have  been  shown  to  be  potent 
inhibitors  of  DPNH- cytochrome  c  reductase.   The  significance  of 
these  findings  awaits  further  interpretation. 
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Part  A 


Project  Title:  Juvenile  Rheumatoid  Arthritis 

Principal  Investigator:  Dr.  K.  Lemone  Yielding 

Other  Investigators:   Drs .  John  Utz  and  Joseph  J.  Bunim 

Cooperating  Units:   There  were  no  cooperating  units  elsewhere  in  Public 
Health  Service 

Man  Years  (calendar  year  I960): 
Total :  1/3 
Professional:  I/3 
Other:   0 

Project  Description: 

A.  Search  for  infectious  agent  in  juvenile  rheumatoid  arthritis 

B.  Study  clinical  manifestations  and  course  of  rheumatoid 
arthritis  in  children 

Methods  Employed: 

As  in  project  description.  Blood  exudates,  excretions ;,  and 
tissue,  when  possible,  cultured  exhaustively  for  viruses  and  bacterial 
pathogens . 

Major  Findings: 

Wo  new  findings,  but  clinical  series  has  been  expanded  to  a  total 
of  37  patients. 
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Part  A 


Project  Title:   Studies  on  the  Metabolism  of  Aromatic  Amino  Acids  in  Man 
and  Animals . 

Principal  Investigator:   Dr.  Bert  N.  La  Du 

Other  Investigators:   Dr.  J.  E.  Seegmiller,  Dr.  V.  G.  Zannoni, 
Dr.  W.  O'Brien,  Dr.  S.  Malawista,  and 
Dr.  G.  Jacoby. 

Cooperating  Units:   Dr.  Richard  Auld,  Pediatrics  Department 

Georgetown  University  Hospital,  Washington,  D.  C. 

Man  Years  (Calendar  year  1960): 
Total:       4 
Professional:  3 
Other:       1 

Project  Description: 

Objectives:  -  Objectives  in  studying  patients  with  metabolic  diseases 
associated  with  the  metabolism  of  the  aromatic  amino  acids,  alcaptonuria, 
phenylketonuria,  tyrosinosis  and  albinism,  have  been  several:   (1)  to  deter- 
mine the  exact  nature  of  the  metabolic  defect  in  these  conditions;  (2)  to 
study  the  hereditary  pattern  of  these  diseases  and,  if  possible,  to  develop 
tests  which  will  detect  the  heterozygous  state  in  relatives  carrying  the 
trait;  (3)  to  study  the  formation  and  deposition  of  the  pigment  derived  from 
homogentisic  acid  and  to  determine  how  it  produces  the  pathological  changes 
in  the  connective  tissues,  particularly  the  joints  (ochronotic  arthritis); 
(4)  to  study  the  cause  of  ochronotic  arthritis,  nearly  always  associated  with 
alcaptonuria,  and  (5)  to  attempt  various  means  of  treatment  of  these  metabolic 
diseases. 

Major  Findings: 

Role  of  ascorbic  acid  in  tyrosine  metabolism  -  Our  studies  have 
continued  on  the  detailed  mechanism  by  which  vitamin  C  maintains  normal  tyro- 
sine metabolism  through  protecting  p-hydroxyphenylpyruvic  acid  oxidase  from 
inhibition  by  its  substrate.  Several  analogues  of  ascorbic  acid,  such  as 
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D-isoascorbic  acid,  have  also  been  found  to  protect  this  enzyme  from  inhibi- 
tion in  scorbutic  guinea  pigs  ^  vivo.  In  addition,  a  dye,  2,6-dichlorophenol- 
indophenol,  and  folic  acid  also  protect  the  enzyme  in  scorbutic  guinea  pigs, 
and  the  action  of  the  latter  two  compounds  has  been  studied  in  more  detail. 
The  dye  has  been  found  to  have  no  anti-scorbutic  effects  in  vitamin  C  de- 
ficient animals  except  for  its  ability  to  maintain  tyrosine  metabolism.  There- 
fore, there  is  a  clear  distinction  between  the  effect  of  vitamin  C  in  tyrosine 
metabolism  and  the  effects  of  the  vitamin  in  the  other  aspects  of  scurvy. 
Folic  acid  was  found  not  to  protect  p-hydroxyphenylpyruvic  acid  oxidase  in 
vitro  and  we  have  concluded  that  its  beneficial  effect  ija  vivo  are  through 
some  indirect  mechanism. 

Structural  analogues  of  p-hydroxyphenylpyruvate  are  being  tested  to 
find  out  the  structural  requirements  for  inhibition.   In  addition,  a  kinetic 
analysis  of  substrate  induced  inhibition  and  that  by  other  analogues  has  been 
made.  Phenylpyruvate  has  been  found  to  be  even  more  potent  an  inhibitor  than 
the  substrate  when  preincubated  with  p-hydroxyphenylpyruvic  acid  oxidase  and 
the  inhibition  is  of  the  non-competitive  type  under  these  circximstances . 
Various  other  dyes  and  redox  systems  are  being  tested  in  place  of  2,6-di- 
chlorophenolindophenol  to  determine  whether  it  is  a  structural  or  redox 
property  of  the  dye  which  is  the  important  component  in  its  effectiveness  in 
protecting  the  enzyme.  Recent  results  indicate  that  it  is  the  structure 
and/or  the  ease  of  its  reduction,  rather  than  the  E^  value  of  the  redox 
system  which  is  important.  The  compounds  active  like  the  dye  also  have  in 
common  the  ability  to  undergo  a  one  election  change  in  oxidation,  suggesting 
that  a  free  radical  may  participate  in  the  oxidation  of  the  substrate  by 
p-hydroxjrphenylpyruvic  acid  oxidase. 

Phenylketonuria  -  Our  method  to  determine  phenylalanine  in  plasma 
has  been  modified  slightly  to  make  it  easier  to  use  directly  on  serum  or 
plasma  without  deproteinization.  We  have  occasionally  encountered  samples 
of  plasma  which  develop  turbidity  during  the  analysis,  but  this  can  be  avoided 
by  decreasing  the  total  salt  concentration  in  our  reagents. 

Our  survey  on  the  use  of  the  phenylalanine  tolerance  test  to  detect  the 
carrier  trait  for  phenylketonuria  continues .  A  large  number  of  normal  con- 
trols must  be  obtained  to  determine  the  range  of  normal  variation.  This  is 
necessary  before  our  results  with  carriers  of  the  disease  can  be  interpreted. 
The  use  of  the  tolerance  test  in  diagnosing  phenylketonuria  in  questionable 
cases  in  children  is  also  being  evaluated. 

Literature  review  on  alcaptonuria  and  ochronotic  arthritis  -  Unfort- 
unately, there  has  been  no  review  in  recent  years  of  the  extensive  literature 
on  alcaptonuria  and  the  ochronotic  arthritis  associated  with  this  metabolic 
disease.  We  have  undertaken  a  review  of  all  of  the  available  papers  in  this 
field  and  this  is  now  nearly  completed.  Over  500  cases  'of  alcaptonuria  have 
been  included.  The  clinical  information  has  been  synthesized  to  give  a 
composite  picture  of  the  natural  course  of  the  disease,  as  well  as  its 
variant  forms.  This  information  should  be  of  considerable  value  in  future 
investigations  in  this  area  of  research. 
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Project  Title:  Metabolic  and  Therapeutic  Studies  of  Gouty  Arthritis 
and  Hyperuricemia. 

Principal  Investigator:   J.  E.  Seegmiller 

Other  Investigators:  Arthur  I.  Grayzel,  R.  Rodney  Howell,  Harold  Fallon  (NCI), 
Emil  Frei  (NCI),  Arthur  Eisen  (NCI),  and  Jerome  B. 
Block  (NCI). 

Cooperating  Units:  National  Cancer  Institute 

Man  Years  (calendar  year  1960) : 
Total:   2-1/3 
Professional:  1 
Other:   1-1/3 

Project  Description: 

The  observation  that  patients  receiving  azauridine  for  chemotherapy 
of  cancer  developed  a  crystalluria  composed  of  uric  acid  and  orotic  acid 
(Dr.  Fallon,  Dr.  Frei,  and  Dr.  Block,  NCI)  has  led  to  more  discrete  renal 
clearance  studies  of  patients  receiving  this  drug.   Infusion  of  azauridine 
was  found  to  produce  a  prompt  uricosuric  effect  which  persists  for  at  least 
12  hours.   The  possible  relationship  of  the  known  biochemical  action  of 
azauridine  in  blocking  pyrimidine  synthesis  to  the  production  of  the  urico- 
suria  is  being  investigated. 

The  hyperuricemia  which  frequently  accompanies  psoriasis  prompted 
an  investigation  of  uric  acid  production  in  this  disorder  in  collaboration 
with  Dr.  Eisen,  NCI.   The  incorporation  of  glycine-1-C   into  urinary 
uric  acid  was  found  to  be  substantially  increased  in  all  patients  studied 
who  showed  active  psoriasis.   The  specific  activity  of  the  urinary  uric 
acid  reached  a  maximum  on  the  third  day  in  each  of  the  patients  with 
psoriasis  suggesting  that  the  pathway  by  which  uric  £c:r  was  synthesized 
was  not  as  direct  as  that  found  in  primary  gout  and  r  ■  5e  indirect  as 
that  seen  in  gout  secondary  to  the  myeloproliferativt-  diseases.  Evidence 
that  the  abnormality  of  uric  acid  metabolism  was  relatec  to  the  disease 
process  rather  than  to  an  inborn  metabolic  error  was  provided  by  the 
finding  of  a  normal  pattern  of  incorporation  of  glycine-1-C   in  a  repeat 
study  performed  after  one  patient  had  developed  a  spontaneous  remission. 
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(G-29701).  Arth.  &  Rheum.,  in  press. 

3.  Seegmiller,  J.  E.:  Role  of  the  newer  uricosuric  agents  in 
management  of  gout.   Bull.  Rheum.  Dis . ,  in  press. 
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Project  Title:  Abnormalities  of  Purine  Metabolism  Associated  with  Gout 

Principal  Investigator:   J.  E.  Seegmiller 

Other  Investigators:  Arthur  I.  Grayzel  and  Lois  Liddle 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960) 
Total:   2-1/2 
Professional:  2 
Other:   1/2     ' 

Project  Description: 

The  cause  of  the  hyperuricemia  of  goutj  whether  increased  production 
or  diminished  excretion  of  uric  acid,  has  been  studied  further.   The  extent 
to  which  an  excessive  production  of  uric  acid  contributes  to  the.hyper- 
uricemia  of  gout  has  been  evaluated  by  administering  glycine-1-C  ,   a 
metabolic  precursor  of  uric  acid,  along  with  uric  acid-N   to  normal  and 
gouty  subjects  and  deteinnining  the  recovery  of  isotope  in  urinary  uric 
acid.   The  data  thereby  obtained  provide  two  independent  parameters  of 
uric  acid  synthesis:   the  extent  to  which  glycine  is  incorporated  into 
uric  acid  and  the  size  of  the  body  urate  pool  and  its  turnover.   In  addition, 
the  fraction  of  the  daily  uric  acid  production  that  is  disposed  of  by  routes^ 
other  than  renal  excretion  (uricolysis  and  depcpsition  in  tophi)  is  indicated 
by  the  percent  of  the  administered  uric  acid-N~  which  is  recovered  in  the 
urinary  uric. acid.   Nine  of  16  gouty  patients  showed  an  incorporation  of 
glycine-1-C   into  urinary  uric  acid  ranging  from  only  slightly  above  normal 
to  several  times  normal.   In  two  of  the  seven  remaining  patients  an  ab- 
normally large  extra-renal  disposal  of  uric  acid  masked  an  increased  glycine 
incorporation.   There  remained  five  gouty  subjects  in  whom  no  evidence 
of  an  increased  uric  acid  production  could  be  found  by  either  glycine 
incorporation  data  or  urate  turnover  values. 

The  extent  to  which  an  impaired  renal  handling  of  uric  acid  contributed 
to  the  hyperuricemia  of  this  group  of  gouty  subjects  was  investigated  by 
determining  the  urate/inulin  clearance  ratio.  For  comparison  clearance 
values  were  obtained  in  non-gouty  subjects  before  and  after  uric  acid  pro- 
duction was  increased  by  feeding  ribose  nucleic  acid  (RNA) .  The  group 
of  5  gouty  subjects  with  a  normal  uric  acid  production  showed  a  lower 
urate/inulin  clearance  value  than  was  obtained  with  normal  subjects  who 
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were  receiving  RHA..  Five  of  the  six  patients  who  produced  excessively  large 
amounts  of  uric  acid  showed  urate/inulin  clearance  ratios  in  the  same  range 
shown  by  non-gouty  subjects  whose  uric  acid  production  had  been  increased 
by  feeding  RNA. 

It  would  seem  unlikely  that  a  single  inborn  metabolic  defect  charact- 
eristic of  all  gouty  patients  would  produce  in  some  individuals  an  excessive 
uric  acid  production  and  in  others  no  increase  in  uric  acid  production  but 
instead  a  diminished  ability  of  the  kidney  to  dispose  of  uric  acid.  We  are 
led  then  to  the  view  now  being  explored  that  clinical  gout  may  be  the  result 
of  a  variety  of  basic  metabolic  or  physiological  disturbances  which  have  in 
common  the  induction  of  a  hyperuricemia. 

The  increased  uric  acid  production  resulting  from  administration  of 
2-ethylamino-l,3,4-thiadiazole  (EATD)  has  been  investigated  further.   The 
possible  pathway  in  purine  metabolism  by  which  this  increased  uric  acid 
synthesis  occurs  in  the  human  has  been  explored  by  determining  the  change 
in  the  amount  and  the  labeling  of  urinary  purines  by  glycine-1-C   that 
results  from  administration  of  EATD.   The  amount  of  hypoxanthine  in  the 
urine  was  increased  six-fold  and  the  amount  of  xanthine  two-fold  while  the 
specific  activities  of  each  of  these  purines  was  similarly  increased  by 
EATD  administration.   These  results  suggest  that  the  increased  uric  acid 
synthesis  occurred  by  way  of  these  two  coiiq)Ounds. 

Part  B 

Honors,  Awards,  and  Publications: 

1.  Grayzel,  A.  I.,  Seegmiller,  J.  E.,  and  Love,  E.:   Suppression 
of  uric  acid  synthesis  in  the  gouty  human  by  the  use  of  6-diazo-5-oxo-l- 
norleucine.   J.  Clin.  Invest.,  39.:447-454,  1960. 


^iS8 


Serial  No.   NIAMD-ARB-llc 


1.  Clinical  Investigations 

2.  Arthritis  and  Rheumatism 

3.  Be the s da,  Maryland 


PHS  -  NIH 

Individual  Project  Report 
Calendar  Year  1960 

Part  A 

Project  Title:  Biochemical  Aspects  of  Gastrointestinal  Disease 

Principal  Investigator:  Leonard  Laster 

Other  Investigators:   John  W.  Singleton 

Cooperating  Units:   Sections  of  NIAID,  NIAMD,  NCI,  NHI,  as  noted  below. 

Man  Years  (calendar  year  1960) : 
Total:   4 
Professional:   2 
Others :   2 

Project  Description: 

I.  General  Comments 

We  are  studying  the  structure  and  the  absorptive  functions  of  the 
small  intestine  in  various  abnormal  clinical  states.   As  an  adjunct  to 
this  work  an  extensive  review  of  intestinal  morphology  and  of  selected 
aspects  of  intestinal  absorption  and  malabsorption  has  been  undertaken 
in  collaboration  with  Dr.  Franz  J.  Inglefinger,  Professor  of  Medicine, 
Massachusetts  Memorial  Hospital,  Boston,  Massachusetts,  and  President- 
elect of  the  American  Gastroenterological  Association.   This  review 
is  undergoing  final  revisions,  and  following  the  completion  of  its 
bibliography  it  will  be  ready  for  publication.   It  has  been  solicited 
for  a  medical  progress  report  in  the  New  England  Journal  of  Medicine. 

Because  the  supply  of  patients  with  a  particular  type  of  intestinal 
malabsorption  is  highly  variable,  it  is  not  feasible  to  confine  our 
studies  to  one  particular  clinical  syndrome  at  a  time.   Instead,  we  are 
attempting  to  utilize  investigative  opportunities  as  they  arise  in  the 
Clinical  Center.   For  this  reason,  we  are  studying  several  types  of 
clinical  disorders  concurrently,  and  have  entered  into  a  number  of 
collaborative  projects  with  sections  outside  of  NIAMD.   Though  these 
collaborative  ventures  are  varied,  they  are  all  directed  toward  the 
central  problem  of  gaining  further  insight  into  the  pathophysiology  of 
intestinal  absorption. 
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II.   Juvenile  and  Adult  Celiac  Disease 

From  our  review  of  intestinal  malabsorption,  we  have-  taken  for  a 
working  hypothesis  the  theory  that  celiac  disease  in  children  and 
idiopathic  steatorrhea  in  adults  are  manifestations  of  the  same  disorder 
and  that  the  disorder  is  an  inborn  error  of  metabolism.   The  metabolic 
error  appears,  from  limited  studies  in  other  laboratories,  to  be  a 
deficiency  of  a  small  bowel  mucosal  peptidase  that  acts  on  a  glutamine- 
containing  peptide  that  occurs  in  the  gluten  fraction  of  the  cereal 
grains:   wheat,  rye  and  barley.   Because  of  the  peptidase  deficiency,  the 
peptide  is  believed  to  accumulate  in  celiac  patients  and  to  exert  a 
toxic  action  on  the  intestinal  mucosa  and  possibly  on  other  tissues. 
Several  laboratories  in  this  country  and  abroad  are  working  on  the 
isolation  and  identification  of  the  peptide,  but  progress  is  hindered 
by  the  need  to  assay  the  toxicity  of  gluten  fractions  by  testing  them 
in  patients  with  known  gluten  sensitivity.   It  is  our  program  to  attempt 
an  isolation  of  the  toxic  peptide,  to  study  peptidases  from  normal 
human  small  bowel  mucosa  that  act  on  this  peptide,  and  to  develop 
micromethods  for  assaying  the  peptidase  activity  in  the  small  amounts 
of  tissue  that  can  be  obtained  by  intraluminal  intestinal  biopsy 
procedures  from  celiac  and  control  patients.   This  would  enable  us  to 
test  directly  whether  celiac  patients  lack  activity  of  the  gluten- 
peptide-degrading  enzyme.   The  studies  described  below  are  preliminary 
phases  of  this  overall  plan. 

A.   The  collection  of  gluten-sensitive  patients  and  associated 
family  studies  of  gluten-sensitive  propositi. 

Our  method  of  proving  gluten-sensitivity  is  to  admit  the  suspected 
patient  to  our  service  and  to  assay  daily  fecal  fat  excretion  in  periods 
when  the  patient  is  fed  a  gluten-free  diet,  a  gluten-containing  diet,  and 
a  gluten-free  diet.  A  rise  in  fat  excretion  during  the  second  period  and 
a  return  to  normal  levels  during  the  third  period  is  taken  as  a  positive 
study.   In  addition,  an  intestinal  biopsy  is  carried  out  to  determine 
whether  the  patient  has  a  histological  lesion  of  the  small  bowel  mucosa 
that  is  regarded  by  some  as  pathognomonic  of  celiac  disease.  We  have 
found  one  patient  in  the  past  year  who  has  proved  to  be  gluten-sensitive 
and  who  is  willing  to  return  when  we  are  ready  to  test  gluten  fractions. 
Dr.  Hugh  Butt  of  the  Mayo  Clinic  has  offered  to  let  us  utilize  his  large 
group  of  well-evaluated  patients,  but  he  feels  that  they  would  not  be 
willing  to  make  the  trip  to  the  National  Institutes  of  Health  at  their 
own  expense.  We  are  planning  to  explore  the  possibility  of  studying  these 
patients  at  the  Mayo  Clinic. 

According  to  the  theory  delineated  above,  there  should  be  a  higher 
incidence  of  celiac  disease  in  relatives  of  celiac  patients  than  in  the 
normal  population.   Some  believe  that  this  is  true  and  that  relatives  of 
celiac  patients  also  have  a  higher  incidence  of  other  gastrointestinal 
diseases  such  as  peptic  ulcer.  While  collecting  our  group  of  celiac 
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patients  we  are  testing  these  beliefs  by  more  rigorous  methods  than  have 
been  used  in  the  past.   The  patient  with  proven  celiac  disease  mentioned 
above,  A.  E.,  has  three  sons  and  we  have  studied  them  all  and  found  them 
to  be  free  of  celiac  disease,  at  the  present  time,  and  also  to  be  free 
of  other  apparent  disease  of  the  gastrointestinal  tract.  We  have  found 
A.  E.'s  two  brothers  (an  additional  brother  and  sister  remain  to  be  studied) 
to  be  free  of  celiac  disease,  but  each  had  evidence  of  old  duodenal  ulcer 
and  one  had  previously  undiagnosed  gallstones.   These  family  studies  will 
be  pursued  as  the  opportunities  arise. 

B.  Studies  of  the  effect  of  dietary  wheat-gluten  derivatives 
on  fat  excretion  by  rats. 

Identification  of  the  noxious  peptide  in  gluten  would  be  greatly 
expedited  by  the  development  of  animal  assay  for  toxicity.   It  has 
been  reported  in  the  past  by  one  group  that  if  a  fraction  of  a  rat's 
dietary  casein  is  replaced  by  wheat  gluten,  the  rat  will  increase  its 
fecal  output  of  fat  above  normal  to  a  statistically  significant  degree. 
In  order  to  confirm  and  elaborate  this  observation,  we  are  re-exploring 
the  problem  in  collaboration  with  Dr.  J.  N.  Williams,  NIAMD,  Laboratory 
of  Nutrition  and  Endocrinology.  The  work  is  further  described  in 
Dr.  Williams'  annual  report. 

C.  Methods  for  biopsy  of  the  small  intestine  and  enzyme  studies 
of  the  tissue. 

In  preparation  for  our  studies  of  intestinal  mucosal  peptidases, 
we  have  been  perfecting  our  techniques  for  obtaining  biopsy  specimens 
of  human  small  bowel  mucosa  by  means  of  peroral  intubation.  We  have 
performed  more  than  thirty  successful  biopsies  for  diagnostic  purposes 
and  have  encountered  no  complications.   Two  additional  biopsies  were 
unsuccessful  because  the  patients'  duodenal  areas  were  too  scarred  by 
old  peptic  ulcer  disease  to  permit  the  biopsy  tube  to  pass.  We  are  now 
developing  micromethods  for  studying  the  tissues  obtained  at  biopsy. 

In  the  process  of  performing  our  biopsies  we  came  upon  other 
interesting  observations.   In  one  instance  it  was  shown  that  amyloid 
involvement  of  the  small  intestine  could  be  demonstrated  by  this  type 
of  biopsy  procedure.   In  collaboration  with  Dr.  Samuel  Spicer,  NIAMD, 
LPH,  histochemical  studies  of  the  mucins  of  the  human  small  intestinal 
mucosa  are  now  in  progress. 

D.  Isolation  of  the  toxic  peptide  of  gluten. 

Preliminary  plans  for  this  study  have  been  discussed  with  Dr.  Frank 
Tietze,  NIAMD,  Laboratory  of  Biochemistry  and  Metabolism,  and  work  is 
about  to  start.  A  large  quantity  of  gliadin,  the  prolamine  of  wheat 
gluten,  has  been  prepared  for  us  by  the  Pentex  Corporation.  Gliadin  has 
been  shown  by  others  to  contain  the  factor  toxic  to  celiac  patients.  Much 
of  this  gliadin  will  be  used  in  the  rat  studies  with  Dr.  Williams,  but 
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the  remainder  will  be  subjected  to  fractionation  and  column  chromatography. 
Column  fractions  will  then  be  tested  in  patients  by  the  clinical  assay 
procedure  described  above.   Even  before  these  clinical  tests  are  completed, 
we  plan  to  choose  some  glutamine-containing  column  peptide  fractions  and 
study  their  enzymic  degradation  by  intestinal  mucosal  extracts. 

E.   Studies  of  protein  metabolism  in  celiac  disease  and  related 
disorders. 

Hypoalbuminemia  is  often  a  primary  manifestation  of  celiac  disease 
in  relapse.  The  precise  reason  for  the  protein  deficiency  is  not  well 
established.   Furthermore,  it  has  been  found  that  a  number  of  patients 
who  present  with  acquired  hypogammaglobulinemia  also  suffer  from  intestinal 
malabsorption.   The  precise  relationship  between  the  low  serum  gamma  globulin 
and  the  malabsorption  syndrome  in  these  patients  has  not  been  clarified. 
In  order  to  investigate  these  problems,  we  have  initiated  a  collaborative 
study  with  Dr.  Thomas  Waldmann,  NCI,  General  Medicine  Branch.   Using  I 
labeled  albumin,  gamma  globulin,  and  polyvinylpjrrrolidine,  we  are  deter- 
mining the  rate  of  synthesis  and  degradation  of  the  foreraentioned  proteins, 
and  assessing  whether  abnormal  exudation  of  these  proteins  from  the  gastro- 
intestinal tract  is  responsible  for  the  hypoproteinemia  of  the  conditions 
noted  above.  We  have  studied  one  patient  with  known  sprue  and  three 
patients  (two  have  been  on  our  service)  with  hypogammaglobulinemia  and 
malabsorption.  Although  the  final  results  have  not  yet  been  calculated 
for  all  these  studies,  it  appears  that  in  some  instances  depressed  synthesis 
plays  a  role  in  the  hypoproteinemia  while  in  other  instances  there  is  indeed 
abnormal  protein  exudation  from  the  intestinal  tract.  As  more  patients 
present  themselves,  these  studies  will  be  carried  further. 

III.   Studies  of  Effects  of  Nutritional  Factors  and  Physical  Trauma  on 
Intestinal  Absorption. 

A.  The  effects  of  folic  acid  antimetabolites. 


It  has  been  theorized  by  a  prominent  student  of  celiac  disease  that 
folic  acid  deficiency  may  be  in  some  way  involved  in  the  pathogenesis 
of  the  lesion  in  the  intestinal  mucosa  seen  in  this  disease.  Malabsorption 
of  folic  acid  is  not  an  unusual  occurrence  in  celiac  disease.   To  explore 
a  possible  relationship  between  folic  acid  deficiency  and  intestinal 
malabsorption  we  have  joined  in  studies  now  in  progress  on  the  service  of 
the  General  Medicine  Branch  of  NCI  in  which  the  folic  acid  antimetabolite, 
methatrexate,  is  under  evaluation  for  its  effect  on  patients  with  psoriasis. 
We  are  studying  intestinal  function  in  these  patients  before  and  after 
methatrexate  administration,  and  Dr.  Jerry. Trier  of  NCI  is  performing 
electron  microscopic  studies  of  intestinal  biopsies  obtained  before  and 
after  methatrexate  administration.  This  correlation  of  changes  in  morphology 
and  function  attributable  to  folic  acid  antagonists  is  a  collaborative 
project.  Our  first  three  patients  are  currently  being  studied. 
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B.  Intestinal  absorption  in  malignant  carcinoid  syndrome. 

Several  groups  have  reported  that  celiac  patients  excrete  Increased 
amounts  of  5-hydroxyindoleacetic  acid  (HIAA)  in  their  urine.  We  are 
studying  our  own  patients  in  remission  and  relapse,  and  neither  of  two 
patients  studied  so  far  has  shown  abnormal  HIAA  excretion.   It  has  also 
been  reported  that  malabsorption  occurs  in  the  malignant  carcinoid  syndrome. 
We  have  assessed  intestinal  structure  and  function  in  six  patients  with 
this  syndrome  and  have  found  no  striking  histologic  abnormalities.  Malab- 
sorption occurred  as  a  variable  feature  of  the  disease  and  was  not  obviously 
influenced  by  the  fluctuations  in  urinary  HIAA  excretion  by  these  patients. 

C.  Radiation  trauma  and  intestinal  absorption. 

NCI  is  studying  the  effect  of  abdominal  radiation  for  the  treatment 
of  cancer  on  renal  function.   Since  it  is  known  that  the  intestinal  mucosa 
is  particularly  vulnerable  to  radiation,  showing  morphological  and  bio- 
chemical changes,  and  since  it  has  been  shown  in  animals  that  absorptive 
functions  are  impaired  by  radiation,  we  have  joined  in  the  NCI  study  to 
evaluate  the  effect  of  the  radiation  on  intestinal  absorption  of  their 
patients.   Together  with  Drs.  T.  Waldmann,  H.  Fallon,  J.  Trier,  and 
L.  Avioli  of  NCI,  we  are  assessing  intestinal  morphology,  intestinal 
absorption,  and  intestinal  exudation  of  proteins,  before  and  after  radiation. 
Our  first  study  is  now  in  progress. 

D.  Steatorrhea  and  osteoporosis. 

this  is  a  collaborative  study  with  Drs.  G.  D.  Whedon  and  L.  Lutwak 
of  NIAMD.  We  have  shown  that  in  four  patients  with  post-menopausal 
osteoporosis,  selected  from  Dr.  Whedon 's  service,  significant  steatorrhea 
could  be  detected  in  all  of  them.   Tests  of  intestinal  absorptive  function 
suggest  that  the  steatorrhea  is  not  due  to  intestinal  malabsorption.  The 
question  of  whether  pancreatic  function  is  impaired  in  these  patients 
will  be  the  next  phase  of  this  work  to  be  investigated. 

IV.   Studies  of  a  Patient  Deficient  in  Senmi  Beta-lipoprotein. 

Approximately  five  patients  have  been  described  in  the  medical 
literature  who  presented  the  following  group  of  abnormalities:   spiny 
red  blood  cells  (acanthrocytosis) ,  ataxia,  retinopathy  and  presumed 
intestinal  malabsorption.  We  admitted  one  of  these  patients  to  our 
service  a  year  ago  and  found  that  many  of  the  lipid  constituents  of  his 
blood  were  present  in  strikingly  low  concentration,  but  that  his  intestinal 
absorption  of  lipids  was  not  depressed  to  a  degree  that  could  explain  the 
serum  lipid  abnormalities. 

From  discussions  with  Dr.  Donald  Fredrlckson,  NHI,  LCPM,  we  theorized 
that  the  patient's  lipid  abnormalities  could  be  explained  not  by  malab- 
sorption, but  by  deficient  or  absent  beta-lipoprotein,  the  transport 
vehicle  for  the  lipids  that  were  abnormal  in  our  patient.  We  were  in  the 
process  of  determining  the  serum  beta-lipoprotein  level  in  our  patient 
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when  a  report  appeared  in  Lancet  (August  13,  1960)  to  the  effect  that  a 
patient  with  acanthrocytosis  was  found  to  have  no  serum  beta-lipoprotein 
and  that  the  defect  was  probably  an  inborn  error  of  metabolism.   Shortly 
thereafter,  we  found  that  our  patient  also  had  no  beta-lipoprotein. 

We  are  now  in  the  process  of  investigating  the  many  implications 
of  this  abnormality.   The  work  has  involved  Dr.  Fredrickson  of  NHI, 
Drs.  H.  Goodman  and  J.  Bozicevich  of  NIAID,  and  Dr.  John  Bieri  of  NIAMD. 
By  use  of  ultracentrifugation  methods  and  immuno-electrophoresis  we  have 
been  unable  to  detect  any  beta-lipoprotein  in  the  patient's  serxim,  but 
his  parents  and  only  sibling  all  had  normal  levels.   By  use  of  a  new 
method  developed  by  Dr.  Bozicevich  to  assay  beta-lipoprotein  with  the 
bentonite  flocculation  procedure,  minute  amounts  of  what  may  be  beta- 
lipoprotein  have  been  detected  in  the  patient's  serum. 

A  new  rabbit  anti-serum  to  purify  beta-lipoprotein  is  being  prepared 
to  determine  whether  or  not  the  deficiency  in  our  patient  is  complete. 

The  patient's  serum  appears  to  contain  no  carotene,  no  vitamin  E, 
and  abnormally  low  levels  of  vitamin  Q.   Since  the  transport  of  vitamin  E 
is  currently  attributed  to  serum  alpha-lipoproteins,  the  observations 
in  our  patient  may  require  a  modification  of  this  concept.  A  number  of 
aspects  of  serum  transport  of  fat-soluble  vitamins  may  be  studied  to  good 
advantage  in  this  patient  and  we  are  in  the  process  of  setting  up  the 
methods  to  do  so.  We  have  set  up  methods  for  assaying  fecal  beta-carotene 
and  xanthophylls  in  our  laboratory  arid  will  now  apply  these  methods  to  the 
study  of  this  patient.   Dr.  Bieri  is  guiding  us  in  this  work  and  is  per- 
forming the  serum  assays  for  vitamins  E  and  Q.  Another  inmortant  aspect 
of  this  study  is  to  try  to  relate  the  vitamin  deficiencies  to  the  clinical 
manifestations.  An  absolute  deficiency  of  vitamin  E  has  not  been  seen  in 
man  and  if  it  can  be  shown  that  this  patient's  hematologic  or  neurologic 
abnormalities  are  related  to  one  of  his  vitamin  deficiency,  this  will  be 
an  important  addition  to  our  knowledge. 

The  problem  of  fatty  acid  and  cholesterol  transport  has  also  been 
studied  in  this  patient.   Current  theories  hold  that  when  a  fatty  meal  is 
fed,  the  fats  and  cholesterol  appear  subsequently  as  chylomicrons  in 
lymph  and  that  the  protein  moeity  of  these  chylomicrons  is  not  beta- 
lipoprotein.  However,  when  our  patient  is  fed  a  fatty  meal  no  subsequent 
chylomicron  formation  can  be  detected  (his  parents  and  sister  react  in 
a  normal  manner)  .   This  finding  raises  the  question  of  whether  beta-lipo- 
proteins  may  be  involved  in  chylomicron  fomnation  after  all  and  warrants 
exploration. 

These  are  but  a  few  of  the  fundamental  studies  that  may  be  pursued 
because  of  the  unusual  experiment  of  nature  embodied  in  this  patient. 
We  also  hope  to  find  means  of  treating  the  patient  to  learn  whether  his 
chemical  and  clinical  abnormalities  can  be  improved. 
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V.   Studies  of  Bile  Pigment  Metabolism  in  Vitro. 

Dr.  Singleton  has  applied  conventional  methods  of  enzyme  purification 
to  the  study  of  biliverdin  reductase  and  has  been  able  to  achieve  a  four- 
fold purification  of  the  enzyme  from  an  acetone  powder  extract.  Among  the 
difficulties  encountered  in  the  study  of  this  enzyme  activity  is  the  finding 
that  compounds  such  as  mercaptoethanol  and  streptomycin  will  reduce  bili- 
verdin non-enzymatically  at  an  extremely  rapid  rate.   Nevertheless^  it 
appears  definite  that  there  is  a  mammalian  enzyme  that  catalyzes  this 
reaction  and  that  DPNH  is  a  reactant.  At  present^  it  has  been  possible 
to  show  that  the  enzyme  can  be  put  on  a  cellulose  column  and  can  be  eluted 
from  the  column.   Conditions  are  being  sought  that  will  enable  us  to  achieve 
a  purification  by  this  maneuver  without  suffering  extensive  loss  of  the 
enzyme.   This  biochemical  reaction  is  an  important  link  in  the  degradative 
pathway  of  bile  pigment  metabolism,  a  reaction  sequence  that  we  hope  to 
explore  at  the  enzyme  level  in  the  years  ahead. 
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Calendar  Year  1960 


Part  A 


Project  Title:   Chemical  Studies  of  Mucoprotein  and  Energy  Metabolism 
in  Cystic  Fibrosis  of  the  Pancreas. 

Principal  Investigator:   Dr.  Paul  A.  di  Sant'Agnese 

Other  Investigators:   Drs.  J.  Charles  Pallavicini,  Lewis  E.  Gibson, 
William  0.  Jones  and  Gerald  F.  Powell. 

Cooperating  Units:    Dr.  G.  Gilbert  Ashwell,  Laboratory  of  Biochemistry 
and  Metabolism,  Section  on  Enzymes  and  Cellular 
Biochemistry,  National  Institute  of  Arthritis  and 
Metabolic  Diseases 

Drs.  Z.  Dische  and  0.  Gabriel,  Department  of  Bio- 
chemistry, College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York,  N.Y. 

Man  Years  (calendar  year  1960) : 
Total :   2 

Professional:  1-2/3 
Other:   1/3 

Project  Description: 

Objectives; 

a)  To  elucidate  and  if  possible  uncover  the  basic  defect  in 
mucopolysaccharide  metabolism  presumably  responsible  for  the  mani- 
festations of  the  generalized  disease,  cystic  fibrosis  of  the 
pancreas. 

b)  To  pursue  by  analytical  methods  in  various  body  secretions 
(e.g.,  urine,  duodenal  fluid,  saliva,  gastric  juice  and  others) 
from  patients  with  cystic  fibrosis  leads  uncovered  as  to  the  occur- 
rence of  distinctive  mucopolysaccharide  fractions  and  to  further 
define  their  abnormal  composition. 

Part  B  included     Yes  7x1  Ho     fl 
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c)  To  study  further  and  clarify  the  factors  involved  in  the 
unusual  physicochemical  behavior  of  mucopolysaccharides  in  cystic 
fibrosis. 

d)  To  study  in  animals  and  later  in  hvraians  fucose  metabolism 
which  is  apparently  disturbed  in  patients  with  cystic  fibrosis. 

e)  To  make  an  approach  to  the  problem  of  the  biosynthesis  of 
mucopolysaccharides  by  studying  the  nucleotides  involved. 

f)  To  study  some  readily  available  phosphorus  compounds  in  the 
blood  and  later  in  tissues  from  patients  with  cystic  fibrosis  as  a 
defect  in  readily  available  energy  which  might  explain  the  wide- 
spread defect  in  exocrine  secretion  in  this  disorder. 

Methods  Employed  and  Major  Findings; 

The  Nondialyzable  Urinary  Carbohydrate- Protein  Complexes  in 
Patients  with  Cystic  Fibrosis  of  the  Pancreas  and  Controls. 

The  nondialyzable  protein-carbohydrate  complexes  in  the 
urine  of  patients  with  cystic  fibrosis  have  been  examined  in  an 
attempt  to  uncover  significant  variation  from  normal  controls  which 
might  serve  as  a  clue  to  an  altered  mucopolysaccharide  metabolism. 
To  this  end^  a  new  procedure  for  continuous- flow  electrophoresis 
was  developed  for  the  separation  of  polysaccharides  and  recovery  of 
the  separated  material. 

The  use  of  filter  paper  in  electrophoresis  has  serious 
disadvantages  since  it  interferes  with  the  separation  and  subse- 
quent analysis  of  polysaccharides  because  of  its  composition  and 
properties.   Polyvinylchloride  (PVC)  has  been  used  as  a  supporting 
medium  for  electrophoretic  separation  in  the  open-block  technique. 
PVC  does  not  interfere  with  methods  used  for  carbohydrate  and  pro- 
tein analysis  and  there  is  almost  no  interaction  or  absorption 
between  molecules  to  be  separated  and  supporting  medium.   However, 
the  open-block  electrophoretic  technique  allows  separation  of  only 
limited  quantities  of  material  and  is  quite  time  consuming. 

Accordingly,  a  cell  was  devised  for  use  in  the  Spinco  CP 
apparatus  which  combines  the  advantages  of  PVC  as  supporting  medium 
with  the  principle  of  continuous- flow  electrophoresis.  A  semi- 
permeable membrane  placed  around  the  edges  of  the  cell  has  the  ad- 
ditional advantage  of  preventing  the  loss  of  nondialyzable  material. 

The  Tamm-Horsfall  glycoprotein  was  separated  in  the  usual 
manner  from  pooled  urine  samples  by  the  addition  of  NaCl  to  0.58  M. 
The  sample  was  then  divided  into  two  equal  parts.   Part  one  was 
used  (after  dialysis)  without  further  treatment;  part  two  was 
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precipitated  with  TCA  in  the  cold.   The  samples  were  then  concen- 
trated to  equal  hexose  concentration  without  further  fractionation. 
Electrophoresis  was  performed  using  the  specially  designed  PVC  cell 
and  the  polysaccharides  collected  in  32  individual  tubes  and  anal- 
yzed colorimetrically  for  hexose,  hexuronic  acid,  fucose  and  pro- 
teins. All  samples  were  subjected  to  electrophoresis  under  the 
same  conditions  (0.01  M  Borate  buffer,  pH  9.2,  400  V,  25  mA,  4°C). 

The  data  obtained  revealed  a  separation  of  the  carbo- 
hydrate protein  complexes  into  two  main  peaks  in  both  groups  under 
study.   The  so-called  neutral  polysaccharides  were  on  the  cathodic 
side,  whereas  the  acidic  polysaccharides,  due  to  their  negative  net 
charge,  migrated  to  the  anodic  side.   Within  the  peak  of  the  neu- 
tral polysaccharides  a  steadily  changing  ratio  of  fucose  to  galac- 
tose was  noticed.  When  the  ratio  of  fucose  to  galactose  was  plot- 
ted against  the  tube  number,  a  sloping  line  was  obtained  with  high 
values  on  the  cathodic  side  of  the  neutral  polysaccharides  peak. 

The  changing  ratio  of  fucose  to  hexose  was  interpreted  to 
mean  that  within  the  peak  of  the  so-called  neutral  polysaccharides 
many  similar  but  nevertheless  distinctly  different  components  were 
present.   This  variability  in  similar  components  is  not  understood 
nor  is  it  known  whether  the  "information"  carried  by  each  individ- 
ual molecular  specimen  has  biological  significance.   Previous 
evidence,  obtained  from  studies  of  male  urine  under  similar  condi- 
tions, excludes  the  possibility  that  the  changing  ratio  of  fucose 
to  hexose  can  be  explained  by  the  presence  of  only  two  different 
polysaccharides  in  the  neutral  peak. 

In  conclusion,  preliminary  analytic  data  obtained  after 
continuous- flow  electrophoresis  on  PVC  of  urine  samples  from 
patients  with  cystic  fibrosis  and  controls  show  a  similar  pattern 
of  distribution  of  the  nondialyzable  carbohydrate  protein  complexes. 
Findings  on  samples  with  and  without  TCA  treatment  were  similar. 

Insoluble  Mucopolysaccharide  Fraction  in  Duodenal  Fluid  of 
Patients  with  Cystic  Fibrosis. 

In  previous  studies  it  was  shown  by  our  group  that  in 
duodenal  contents  of  fibrocystic  patients  there  is  a  mucopolysac- 
charide fraction  which  is  easily  denatured  and  rendered  insoluble 
in  water.  Whereas  this  substance  is  present  in  almost  all  sanq)les 
from  patients  with  cystic  fibrosis  (regardless  as  to  whether  pan- 
creatic function  is  affected),  it  does  not  obtain  in  any  of  the 
samples  from  controls.   These  investigations  have  been  continued 
and  actively  pursued.   The  preliminary  findings  suggest  a  possible 
explanation  for  this  phenomena  and  may  be  of  major  inq)ortance  in 
giving  an  explanation  for  the  genesis  of  this  disease. 


508 


Serial  No.  NIAMD-PMB-lc 
Page  4 


Fucose  Tolerance  Test 


Although  the  basic  defect  in  cystic  fibrosis  is  unknown 
as  yet,  examination  of  the  pancreatic  mucoids  elaborated  by  pa- 
tients exhibiting  this  syndrome  has  revealed  an  abnormally  high 
concentration  of  the  biologically  important  sugar,  L-fucose. 

Prior  to  clinical  examination  of  the  tolerance  curve  for 
this  compound  on  normal  and  diseased  patients,  preliminary  experi- 
ments were  undertaken  on  rabbits.   The  results  of  this  work  indi- 
cated that  L-fucose,  when  incubated  in  vitro  with  plasma,  red  blood 
cells,  liver  cells  or  liver  extracts,  was  not  metabolized  and  could 
be  recovered  intact  at  the  end  of  the  experiment.   However,  upon 
intravenous  injection  of  250-500  mg.  of  fucose  per  Kg.  of  body 
weight,  approximately  707o  of  the  sugar  was  utilized,  the  remainder 
being  recovered  in  the  urine. 

During  the  course  of  the  ±n  vivo  experiments,  toxic 
manifestations  such  as  decreased  blood  pressure  and  renal  flow  as 
well  as  a  lowered  heart  rate  and  body  temperature  were  encountered. 
Whether  these  side  reactions  were  initiated  by  the  fucose  itself 
or  resulted  from  an  impurity  in  the  commercially  obtained  sugar 
remains  to  be  investigated  employing  highly  purified  material. 
Furthermore,  since  there  are  indications  in  the  literature  that 
compounds  with  a  stereochemical  configuration  similar  to  that  of 
fucose  are  cataractogenic,  the  administration  of  larger  or  repeated 
intravenous  doses  to  humans  must  be  carefully  checked  by  further 
animal  experimentation. 

Subsequent  to  the  successful  resolution  of  the  problem  of 
toxicity,  the  fucose  tolerance  test  will  be  applied  to  normals  and 
patients  with  cystic  fibrosis.   In  conjunction  with  other  i^  vivo 
techniques,  the  metabolism  of  L-fucose  will  be  studied  in  detail 
in  an  attempt  to  elucidate  the  possible  interconversion  of  this 
compound  into  other  sugars  or  sugar  derivatives. 

Biosynthesis  of  Mucopolysaccharides  - 

As  has  been  indicated  above,  the  clinical  features  of 
cystic  fibrosis  result,  in  all  probability,  from  a  basic  defect  in 
the  enzymatic  mechanism  of  mucopolysaccharide  biosynthesis.   It  is 
reasonable  to  expect  that  the  ultimate  resolution  of  this  problem 
will  be  achieved  as  a  consequence  of  newer  information  in  this 
area. '  To  this  end,  an  approach  to  the  fundamental  problem  of  bio- 
synthesis and  metabolism  has  been  undertaken.   In  accord  with 
current  concepts  concerning  the  origin  of  mammalian  polysaccharides, 
a  systematic  survey  of  the  naturally  occurring  sugar  nucleotides 
in  various  metabolically  active  organs  has  been  initiated. 


509 


Serial  No.  NIAMD-PMB-lc 
Page  5 

Preliminary  results  have  revealed  the  presence  of  at  least  foiir  or 
five  heretofore  unrecognized  nucleotide  bound  sugars  present  in  the 
hen  oviduct.  Attempts  to  isolate  and  identify  these  confounds  are 
currently  in  progress.   Subsequent  attempts  to  demonstrate  the 
utilization  of  these  materials  in  the  enzymatic  biosynthesis  of 
mucopolysaccharides  will  follow. 

Other  investigations  which  have  been  Initiated; 

A  program  has  been  initiated  to  determine  the  distribution 
of  phosphorylated  metabolites  in  the  blood  of  normal  and  CFP  pa- 
tients.  It  is  anticipated  that  information  concerning  the  levels 
of  organic^  inorganic  and  acid- labile  phosphate  will  provide  mean- 
ingful insight  into  the  problem  of  energy  balance  in  cystic  fi- 
brosis. A  defect  in  available  energy  might  account  for  the  abnor- 
mal sweat  and  secretory  defects  in  other  exocrine  glands. 

Significance  for  NIAMD  Research 

Principal  aim  of  these  investigations  is  to  elucidate  and^  if 
possible,  uncover  the  basic  defect  in  mucopolysaccharide  metabolism 
presumably  responsible  for  the  manifestations  of  the  generalized 
disease,  cystic  fibrosis  of  the  pancreas. 
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chemical  Differences  of  Mucoproteins  in  Duodenal  Fluid  of 
Patients  with  Cystic  Fibrosis  of  the  Pancreas  and  Controls. 
Clinical  Aspects.   Pediatrics  19:  252-260,  1957. 

2)  Dische,  Z. ,    di  Sant'Agnese,  P.,  Pallavicini,  C,  and  Youlos,  J.: 
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Children  and  of  Adults.  Archives  of  Biochem.  and  Biophysics 
84:  205-223,  1959. 

3)  Dische,  Z.,  di  Sant'Agnese,  P.,  Pallavicini,  C,  and  Youlos,  J.: 

Composition  of  Mucoprotein  Fractions  from  Duodenal  Fluid  of 
Patients  with  Cystic  Fibrosis  of  the  Pancreas  and  from 
Controls.   Pediatrics  24:  74-91,  1959. 

4)  Gabriel,  0.,  Dain,  J.,  Zinsser,  H.  H.,  Dische,  Z.:  Fractionation 

of  Nondialyzable  Carbohydrate- Protein  Complexes  of  the  Male 
Urine.  Archives  of  Biochem.  and  Biophysics  86:155,  1960. 
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Project  Title:   Investigations  of  Sodium  Chloride  Metabolism  and  of 

Electrolyte  Levels  in  Body  Secretions  of  Patients  with 
Cystic  Fibrosis  of  the  Pancreas. 

Principal  Investigator:   Dr.  Paul  A.  di  Sant'Agnese 

Other  Investigators:  Drs.  Lewis  E.  Gibson,  William  0.  Jones  and  Gerald 
F.  Powell,  and  Mr.  Raimond  Hernits. 

Cooperating  Units:   None 

Man  Years  (calendar  year  1960): 
Total:  1-1/3 
Professional:  2/3 
Other:  2/3 

Project  Description: 

Objectives: 

a)  To  elucidate  the  mechanism  of  genetic  transmission  of 
cystic  fibrosis. 

b)  To  determine  the  basic  mechanisms  involved  in  the  produc- 
tion of  the  unique  sweat  abnormality  in  fibrocystic  disease  and  of 
its  relation  to  the  abnormal  mucus  secretions  in  this  disorder  by 
means  of  chemical  and  histochemical  studies. 

c)  To  clarify  by  means  of  studies  of  NaCl  metabolism  under 
several  standard  conditions  the  role  of  varying  genetic  endowment 
in  the  genesis  of  the  differing  degrees  of  severity  and  clinical 
manifestations  in  cystic  fibrosis. 

d)  To  study  the  relation  of  cystic  fibrosis  to  other  chronic 
pulmonary  disease  and  to  some  of  the  common  gastro-intestinal  dis- 
orders in  the  pediatric  age  group  and  in  adults. 

Part  B  included    Yes  /x7     No  fl 
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e)  To  investigate  in  normal  children  and  pediatric  patients 
with  cystic  fibrosis  the  electrolyte  content  of  gastric  juice  and 
its  response  to  various  types  of  stimulation. 

f)  To  improve  the  "sweat  test"  widely  used  in  the  diagnosis  of 
cystic  fibrosis  by  controlling  various  factors  which  make  its  use 
difficult  in  genetic  studies  and  in  patients  with  only  partially 
manifested  disease. 

Methods  Employed; 

During  the  calendar  year  1960,  the  first  year  of  operation  of 
the  Pediatric  Metabolism  Branch,  a  total  of  51  patients  with  cystic 
fibrosis  of  the  pancreas  have  been  studied.   In  addition  to  the 
investigations  of  fat  and  nitrogen  balance,  of  intestinal  absorption, 
and  of  pancreatic  function  described  in  separate  Project  Reports, 
276  determinations  each  of  sweat  sodium,  chloride  and  potassium  have 
been  performed.   Metabolic  studies  have  been  obtained  on  five  sub- 
jects on  a  rigidly  controlled  intake  of  sodium  chloride  and  on  ad- 
ministration of  steroids  by  mouth.   Patterns  of  excretion  or  reten- 
tion of  these  electrolytes  in  sweat,  urine  and  feces  and  several 
parameters  of  adrenal  function  are  being  investigated. 

Forty  determinations  of  free  and  total  acid  and  40  determina- 
tions of  electrolytes  have  been  conducted  on  gastric  juice  obtained 
in  eight  patients  at  appropriate  intervals  before  and  after  stimula- 
tion with  histamine  and  on  a  separate  occasion  with  insulin.   The 
gastric  secretions  are  obtained  using  a  Sengstaken  (Blakemore)  tube 
in  order  to  afford  pure  samples  of  gastric  juice  not  contaminated 
by  sputvm,  saliva  or  other  material  from  above  the  cardias. 

In  order  to  eliminate  some  of  the  variables  that  affect  inter- 
pretation of  the  sweat  test  and  make  it  more  useful  as  a  tool  for 
genetic  investigation  a  pilot  model  of  an  instrument  is  under  con- 
struction in  which  rate  of  sweating  and  conductivity  of  sweat  can 
be  determined  simultaneously  thus  making  possible  greater  accuracy 
in  sweat  electrolyte  measurements. 

Equipment  has  been  obtained  to  painlessly  biopsy  human  skin 
(a  rotating  drill  and  biopsy  punches).   Histochemical  and  chemical 
studies  of  the  behavior  of  electrolytes  and  other  compounds  in  skin 
are  planned. 
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Major  Findings; 


It  appears  from  these  studies  that  there  is  a  marked  differ- 
ence between  patients  homozygotic  for  the  gene  of  cystic  fibrosis 
and  heterozygous  individuals  as  far  as  the  sweat  electrolyte 
response  to  stress  situations  is  concerned  (e.g.,  dietary  salt 
restriction,  administration  of  steroids,  environmental  heat). 
Known  and  probable  heterozygotes  under  these  circumstances  behave 
as  normal  individuals  do  and  are  able  to  conseirve  salt  and  decrease 
the  abnormally  high  values  of  chloride  and  sodium  in  sweat  to 
normal  levels.   Conversely,  patients  with  fully-manifested  cystic 
fibrosis  (homozygotes)  show  little  response  to  the  same  procedure 
and  are  not  able  to  conserve  salt  in  sweat. 

These  observations  indicate  that  the  unknown  metabolic  or 
enzymatic  defect,  which  may  be  the  common  denominator  of  the  gen- 
eralized dysfunction  of  exocrine  glands  in  cystic  fibrosis,  may  be 
present  in  varying  degree  according  to  genetic  endowment  in  homo- 
zygotes, heterozygotes  and  intermediate  cases.   This  may  account 
for  the  many  variations  in  the  clinical  picture  and  in  the  severity 
of  the  disease  itself.   It  also  follows  that  all  susceptible  organs 
would  be  affected  in  all  instances,  but  to  a  varying  extent  which 
at  times  may  be  too  limited  to  give  rise  to  clinical  manifestations. 
Symptoms  may  then  appear  later  or  remain  in  abeyance  indefinitely. 

There  are  two  corollaries  to  these  observations:  1.  Is  cystic 
fibrosis  really  a  recessive  disease?  There  is  evidence  from  these 
studies  that  the  genetic  mechanisms  are  probably  not  due  to  a 
single  recessive  gene.   Perhaps  multiple  genes  affecting  each  other 
in  their  expressivity  are  involved  or  perhaps  we  are  dealing  in 
reality  with  an  autosomal  dominant  gene  of  different  penetration 
and  expressivity.   2.  The  varying  response  to  stress  of  sweat 
electrolytes  according  to  genetic  endowment  must  be  kept  in  mind  in 
future  family  studies.  Asymptomatic  relatives  of  index  cases  who 
appear  to  have  normal  values  for  sweat  electrolytes  at  one  time  may 
have  abnormal  values  under  different  circumstances.   Previous 
studies  of  the  inheritance  of  cystic  fibrosis  must  be  regarded  with 
reservation  because  of  this  observation.  Work  is  proceeding 
actively  on  all.  of  these  points. 

Largely  through  the  use  of  the  sweat  test  and  other  techniques 
a  study  is  being  undertaken  of  the  relationship  of  cystic  fibrosis 
in  children  to  the  occurrence  of  chronic  pulmonary  and  gastro- 
intestinal disorders  in  adults.   The  possible  occurrence  of  fibro- 
cystic disease  in  many  adult  patients  in  a  clinically  different 
form  from  children  is  one  of  the  most  challenging  developments  in 
this  field  at  the  present  time. 
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Work  has  been  initiated  on  the  study  of  electrolyte  levels  in 
gastric  juice  and  their  response  to  different  kinds  of  stimulation 
in  patients  with  cystic  fibrosis.  Preliminary  results  are  encour- 
aging but  too  initial  as  yet  to  report  on  them  in  any  great  detail. 

The  "sweat  test"  is  the  cornerstone  of  diagnosis  of  cystic 
fibrosis  and  widely  used  for  this  purpose.   Because  of  the  many 
variable  factors  which  affect  results  (e.g.:  rate  of  sweating) 
this  test,  while  eminently  satisfactory  in  the  diagnosis  of  homo- 
zygotes,  is  not  adequate  in  its  present  form  for  genetic  studies 
because  of  the  variability  of  response  due  to  different  genetic 
endowment  as  demonstrated  in  our  studies.   The  usefulness  of  this 
test  would  be  greatly  enhanced  in  diagnosis  and  in  genetic  investi- 
gations if  such  variable  factors  were  controlled.   It  is  for  this 
reason  that  work  is  proceeding  actively  on  construction  of  an 
instrument  taking  several  parameters  of  sweating  into  account.   If 
successful,  such  an  apparatus  would  find  wide  use  and  acceptance. 

Significance  for  NIAMD  Research; 

Further  study  of  electrolyte  levels  and  behavior  in  response 
to  various  physiopathological  stimuli  will  help  clarify  the  basic 
mechanisms  involved  in  cystic  fibrosis  and  responsible  for  the 
varying  clinical  manifestations  and  degree  of  severity  of  the 
disease.   Elucidation  of  the  genetic  mechanisms  involved  in  the 
transmission  of  the  condition  will  open  the  way  to  prevention  and 
more  rational  treatment  of  this  disorder. 
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Historical;  Fields  of  Inquiry.   Transactions,  International 
Research  Conference  on  Cystic  Fibrosis  (I960) 

4)  di  Sant'Agnese,  P.  A.:  Cystic  Fibrosis  of  the  Pancreas  (Muco- 

viscidosiSj  Fibrocystic  disease  of  the  Pancreas).  Deut.  Med. 
Wochen.   (In  Press) 

5)  di  Sant'Agnese,  P.  A.,  Jones,  W.  C,  and  Dische,  Z. :  Cystic 

Fibrosis  of  the  Pancreas.   The  Annals  of  Internal  Medicine 
(In  Press) 

Honors  and  Awards  relating  to  this  project: 

Dr.  Paul  A.  di  Sant'Agnese  received  four  awards  from  the  National 
Cystic  Fibrosis  Research  Foundation  for  work  in  cystic  fibrosis  of  the 
pancreas. 
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Serial  No.  NIAMD-PMB-3c 

1.  Clinical  Investigations 

2.  Pediatric  Metabolism 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  A 


Project  Title:   Investigations  of  Intestinal  Absorption  in  Cystic 

Fibrosis  of  the  Pancreas  and  in  the  Celiac  Syndrome 
in  Pediatrics. 

Principal  Investigator:   Dr.  Paul  A.  di  Sant'Agnese 

Other  Investigators:   Drs.  William  0.  Jones  and  Gerald  F,  Powell  and 
Mr.  Raimond  Hernits. 

Cooperating  Units:  None 

Man  Years  (Calendar  Year  1960): 
Total:  1-2/3 
Professional:  1 
Other:  2/3 

Project  Description: 

Obiectives; 

a)  Elucidate  the  mechanisms  involved  in  the  malabsorption  of 
cystic  fibrosis  with  special  emphasis  on  patients  with  only  partial 
pancreatic  involvement. 

b)  Determine  by  accurate  metabolic  studies  of  fat  and  nitrogen 
balance  the  effects  of  various  types  of  pancreatic  extracts. 

c)  Study  various  diseases  giving  rise  to  malabsorption  in 
pediatrics  by  means  of  fat  and  nitrogen  balances^  intestinal  biopsy, 
fats  tagged  with  I    and  other  techniques. 

d)  Develop  simplified  methods  for  the  rapid  and  accurate  de- 
termination of  excess  fecal  fat  excretion. 


Part  B  included     Yes  /X/    No  /~7 
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Methods  Employed  and  Major  Findings; 


Preliminary  investigations  by  means  of  neutral  fats  and  fatty 
acids  tagged  with  I    have  indicated  that  pancreatic  deficiency 
may  not  be  the  only  factor  involved  in  the  malabsorption  seen  in 
many  patients  with  cystic  fibrosis.  Adults  with  acquired  pancreatic 
deficiency  do  not  absorb  neutral  fats  after  the  oral  administration 
of  a  test  dose  of  the  substance  to  be  tested  but  absorb  normally  a 
fatty  acid  experimental  meal.   Conversely,  patients  with  cystic 
fibrosis  and  pancreatic  achylia  do  not  absorb  normally  either  neutral 
fats  or  fatty  acids.   Contrary  to  expectation  fibrocystic  patients 
with  normal  pancreatic  function  also  show  impaired  absorption  after 
a  test  meal  of  both  of  these  substances.   The  evidence  is,  therefore, 
suggestive  that  in  cystic  fibrosis  other  factors  in  addition  to  pan- 
creatic deficiency  affect  intestinal  absorption.   In  view  of  the 
fact  this  is  a  generalized  disease  of  exocrine  glands  and  that  ab- 
normal mucopolysaccharides  have  been  recovered  from  duodenal  con- 
tents by  our  group  in  other  studies  (at  least  part  of  them  secreted 
by  Brunner's  glands),  it  seems  probable  that  all  other  intestinal 
glands  are  affected  to  some  degree  and  that  the  secretions  they 
produce  are  abnormal. 

These  observations  have  been  extended  during  the  past  year  and 
are  still  under  active  investigation  by  means  of  most  of  the  known 
techniques:  metabolic  studies  of  fat  and  nitrogen  metabolism,  ab- 
sorption of  neutral  fats  and  fatty  acids  tagged  with  I  ~  (fdces, 
urine  and  blood  are  studied  for  percentage  content  of  radioactive 
substances),  enzymatic  determination  of  pancreatic  function,  various 
carbohydrate  tolerance  tests  and  others. 

The  defect  in  intestinal  absorption  has  never  previously  been 
determined  in  patients  with  cystic  fibrosis  with  either  normal  or 
partially  preserved  pancreatic  function.   This  is  especially  impor- 
tant as  it  has  been  a  very  controversial  topic  and  an  effort  is 
being  made  to  pursue  these  studies  with  as  much  accuracy  as  possible 
by  the  various  techniques  previously  described.   By  the  same  token 
the  effects  on  digestion  of  various  types  of  pancreatic  extracts  of 
which  many  are  available  have  not  been  assessed  in  a  precise  manner 
in  most  studies  performed  heretofore.   This  subject  is  also  being 
pursued  by  means  of  the  techniques  described. 

There  are  many  other  conditions  in  the  pediatric  age  group 
which  give  rise  to  malabsorption  in  addition  to  cystic  fibrosis.   To 
name  just  a  few:  gluten- induced  enteropathy,  idiopathic  celiac 
disease,  exudative  enteropathy  and  many  others.   These  disorders 
have  not  been  properly  studied  or  even  classified  in  the  past.  Ac- 
curate measurements  are  being  made  of  the  intestinal  defect  under 
such  circumstances  and  in  addition  it  is  planned  to  study  the  his- 
tologic pattern  of  these  conditions  by  the  peroral  biopsy  technique. 
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Work  is  well  under  way  towards  developing  a  single  and  accurate 
way  of  determining  increased  fecal  fat  excretion  (steatorrhea). 
When  perfected^  such  a  method  could  be  widely  used  in  this  country 
and  abroad  by  all  hospitals  in  which  accurate  balance  studies  cannot 
be  obtained  easily  and  would,  therefore,  be  of  major  practical  im- 
portance.  Preliminary  results  have  been  very  encouraging. 

A  study  is  being  planned  of  intestinal  enzymatic  deficiencies  ' 
as  a  cause  of  chronic  diarrhea  in  children.   For  this  purpose  a 
method  for  the  determination  of  lactic  acid  in  blood  has  been 
adapted  to  the  feces. 

In  the  calendar  year  of  I960,  the  first  year  of  operation  of 
this  Branch,  the  following  tests  were  performed:   95  determinations 
of  total  fecal  fat  on  stool  collections,  29  nitrogen  balances  (feces 
and  urine),  37  determinations  of  tryptic  activity  in  duodenal  fluid, 
12  neutral  fat  and  12  fatty  acid  tagged  with  I"   absorption  tests 
(blood,  feces  and  urine),  in  13  instances  the  insoluble  mucoprotein 
fraction  was  determined  in  duodenal  contents. 

Significance  to  NIAMD  Research; 

As  a  consequence  of  the  lack  of  metabolic  wards  in  most  pedi- 
atric centers  and  the  difficulties  inherent  in  performing  such 
studies  in  infants  and  children  because  of  their  age,  it  is  almost 
impossible  to  perform  such  investigations  outside  the  National 
Institutes  of  Health  with  its  superb  facilities  for  metabolic 
studies.  A  major  contribution  can  be  given  in  this  field  by  con- 
tinuation of  such  studies. 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  B   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

1)  Reemtsma,  K. ,  di  Sant'Agnese,  P.  A.,  Malm,  J.  R.,  and 
Barker,  H.  G. :  Cystic  Fibrosis  of  the  Pancreas:^ Intestinal 
Absorption  of  Fat  and  Fatty  Acid  Labeled  with  I 
Pediatrics  22:525,  1958. 

2)  di  Sant'Agnese,  P. A.  and  Jones,  W.O.:  The  Celiac  Syndrome 
(Malabsorption)  in  Pediatrics:  Classification,  Differential 
Diagnosis,  Principles  of  Dietary  Management.  J.A.M.A.  (In  Press) 

3)  di  Sant'Agnese,  P. A.  and  Lepore,  M.J.:  Involvement  of  Abdominal 
Organs  in  Cystic  Fibrosis  of  the  Pancreas,   Gastroenterology 
(In  Press). 
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Serial  No.  NIAMD-PMB-4c 

1.  Clinical  Investigations 

2.  Pediatric  Metabolism 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A 

Project  Title:   Investigations  of  Cystic  Fibrosis  of  the  Pancreas 

Principal  Investigator:   Dr.  Paul  A.  di  Sant'i^nese 

Other  Investigators:   Drs.  William  0.  Jones  and  Gerald  F.  Powell 

Cooperating  Units:  Dr.  Ludwig  von  Sallmann,  Chief,  Ophthamology  Branch, 
National  Institute  of  Neurological  Diseases  and 
Blindness 

Man  Years  (Calendar  Year  1960): 
Total:  2/3 
Professional:  1/3 
Other:  1/3 

Project  Description: 

Objectives; 

The  aim  of  these  investigations  is  as  follows: 

1)  Treatment  and  prevention  of  the  pulmonary  infection  of 
cystic  fibrosis  of  the  pancreas. 

2)  Evaluation  of  the  effects  of  various  types  of  pancreatic 
extracts  to  correct  and  prevent  the  malabsorption  in  cystic  fibrosis. 

3)  Study  and  define  the  recently  recognized  disturbance  in  the 
eyegrounds  and  vision  of  patients  with  this  disease. 

Methods  and  Major  Findings: 

The  pulmonary  involvement  dominates  the  clinical  picture  and 
determines  the  fate  of  the  patients  with  cystic  fibrosis.   Thera- 
peutic trials  of  antibiotic  drugs,  of  enzymes,  and  physical  methods 
in  the  treatment  of  this  complication  have  been  tried  with  very 

Part  B  Included     Yes  /~7     No  /x7 
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encouraging  results.   Notably  the  recently  developed  Staphycillin 
has  been  very  effective  in  the  treatment  of  this  complication  when 
administered  by  injection  and  by  inhalation.   The  antibiotic,  coly- 
mycin,  has  given  encouraging  results  in  patients  with  Pseudomonas 
Aeruginosa  infections  of  the  respiratory  tract. 

While  less  important  to  the  ultimate  outlook  for  the  patient, 
improvement  in  the  nutritional  state  is  needed  for  their  welfare 
and  to  enable  them  to  better  combat  the  respiratory  infection.   It 
is  planned  to  study  the  effects  on  digestion  of  various  types  of 
pancreatic  extracts  by  accurate  metabolic  studies  as  well  as 
clinical  observations. 

An  abnormality  of  the  eyegrounds  of  patients  with  cystic 
fibrosis  has  been  recently  recognized.   At  times  the  changes  in  the 
fundi  are  very  marked  and  lead  to  severe  subjective  symptoms.   It  is 
not  known  how  these  changes  correlate  with  severity  of  clinical 
manifestations  of  the  disease  nor  what  is  their  natural  history  and 
ultimate  outlook.   In  order  to  clarify  their  pathogenesis  and  prog- 
nostic significance  and  to  define  further  the  ophthalmological 
picture  which  is  seen  studies  are  being  undertaken  in  collaboration 
with  the  Ophthalmology  Branch  of  the  NINDB. 

Significance  for  NIAMD  Research; 

The  aim  of  all  research  in  cystic  fibrosis  of  the  pancreas  is 
to  find  a  better  and  more  effective  approach  to  treatment  of  this 
disease.   It  is  towards  this  goal  that  the  present  investigations 
are  planned  and  being  performed. 
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1.  Clinical  Investigations 

2.  Pediatric  Metabolism 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A 

Project  Title:   Investigations  of  Glycogen  Storage  Diseases 

Principal  Investigator:   Dr.  Paul  A.  di  Sant'Agnese 

Other  Investigators:  Dr.  Gerald  F.  Powell  and  Mr.  Raimond  Remits 

Cooperating  Units:  None 

Man  Years  (Calendar  Year  1960): 
Total:  2/3 
Professional:  2/3 
Other: 

Project  Description: 

Objectives: 

These  investigations  are  planned: 

1)  To  elucidate  the  defects  in  carbohydrate  metabolism  which 
lead  to  the  abnormal  accumulation  of  polysaccharides  in  the  various 
types  of  glycogen  deposition  diseases. 

2)  To  define  more  precisely  the  metabolic  consequences  and  the 
clinical  manifestations  of  these  conditions. 

3)  To  clarify  the  genetic  mechanisms  involved  in  the  trans- 
mission of  these  disorders. 

Methods  Used  and  General  Comment; 

Congenital  and  usually  familial  errors  of  carbohydrate  metab- 
olism lead  to  a  group  of  disorders  characterized  by  accumulation  of 
glycogen  in  various  tissues  and  organs  leading  to  enlargement  and 
dysfunction  of  the  structure  involved  and  frequently  to  death.   In 
recent  times  by  the  application  of  chemical  techniques  several 

Part  B  included     Yes  /x7    No  /T 
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different  disease  entities  have  been  defined  each  one  characterized 
by  the  absence  of  an  enzyme  necessary  for  completion  of  the  carbo- 
hydrate cycle.   However,  the  basic  defect  in  carbohydrate  metabolism 
leading  to  accumulation  of  this  polysaccharide  remains  to  be  uncov- 
ered in  many  other  conditions.   In  addition,  the  metabolic  disturb- 
ances in  all  of  these  disorders  need  much  further  definition,  even 
in  the  ones  in  which  the  basic  chemical  defect  has  been  recognized. 
To  achieve  this  goal  a  comprehensive  approach  is  planned  to  inte- 
grate clinical  and  pathologic  data  with  chemical  findings. 

The  basic  metabolic  error  in  most  and  perhaps  all  diseases  of 
glycogen  storage  is  transmitted  as  a  recessive  character.   Studies 
are  planned  to  uncover  and  characterize  the  defect  in  heterozygotic 
carriers  as  well  as  in  homozygotic  patients. 

Significance  for  NIAMD  Research; 

Study  of  diseases  of  glycogen  storage  represent  a  very  dynamic 
field  for  investigation  and  other  syndromes  will  undoubtedly  be 
recognized  as  studies  are  pursued. 


52^4 


Serial  No.   NIAMD-R4B-5c 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  B    Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

1)  di  Sant'Agnese,  P.  A.:  Diseases  of  Glycogen  Storage, 
New  York  Acad,  of  Sciences  72:439,  1959 
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1.  Clinical  Investigations 

2.  Metabolic  Diseases  Branch 

3.  Bethesda 


PHS-NIH 

Individual  Project  Report 

Calendar  Year   1960 


Part  A 

Project  Title:   Studies  in  Bone  Metabolism 

Principal  Investigator:  Dr.  G.  Donala  Whedon 

Other  Investigators:     Dr.  Leo  Lutwak,  Dr.  Armen  H.  Tashjian,  Jr., 

and  Dr.  Hillel  J.  Gitelman 

Cooperating  Units:   A  portion  of  this  project  is  cooperative  with 

"Biochemical  Aspects  of  Gastrointestinal  Diseases' 


Man  Years  (calendar  year  1%0); 


Total 

Professional 

Other 


7-2/3 
1-5/6 
5-5/6 


Project  Description: 

Objectives:   1.  To  investigate  the  factors  influencing  mineral 
storage  and  loss  in  demineralizing  bone  diseases,  with  particular 
emphasis  on  the  relative  influences  of  adrenal  cortical  steroids, 
gonadal  steroids,  and  dietary  levels  of  minerals,  and  their  effects 
on  mechanisms  of  gastrointestinal  absorption  and  urinary  loss  of 
nutrients  essential  for  bone  integrity. 

2.  To  investigate  the  rates  of  mineral  deposition  in  bone  and 
exchange  with  body  fluids,  in  various  bone  disorders  as  influenced 
by  disease  and  by  treatment  with  endocrine  and  dietary  factors. 

Methods  Employed:   1.  Metabolic  balance  studies  under  rigid 
dietary  control  in  patients  with  various  demineralizing  bone  diseases, 
noting  the  effects  on  nitrogen,  calcium,  phosphorus,  and  magnesium 
balances  of  adrenal  cortical  steroids,  of  gonadal  steroids,  and  of 
various  dietary  levels  of  calcium,  phosphorus  and  fat. 

2.  Estimation  of  pool  size,  turnover  rate,  and  deposition  rate  of 
calcium  in  patients  with  various  bone  disorders,  using  tracer  doses 
of  radioactive  calcium. 

Part  B  included:   Yes 
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3.  Measurement  of  tolerance  curves  and  estimations  of  rates  of 
disappearance  of  intravenously  administered  doses  of  substances  re- 
lated to  bone  metabolism,  such  as  calcium  salts  and  citrate,  in 
patients  with  various  bone  diseases,  under  different  conditions  of 
dietary  and  hormonal  treatment. 

Major  Findings:  As  in  previous  years,  the  major  research  emphasis 
is  in  determining  the  role  of  the  level  of  effective  dietary  calcium 
intake  in  the  pathogenesis  and  treatment  of  post-menopausal  and  senile 
osteoporosis.   Continuing  results  from  our  laboratory  again  emphasize 
that  the  dietary  intake  of  calcium  is  at  least  as  important  as  the 
previously  suggested  endocrine  factors. 

1.  Increasing  the  dietary  content  of  calcium  increased  the  degree 
of  positive  calcium  balance  in  one  group  (total  4   to  date)  of  patients 
with  post-menopausal  osteoporosis.   Another  group  of  similar  patients 
(total  3  to  date),  however,  has  not  demonstrated  the  expected  changes 
in  balance  to  the  same  extent  as  did  the  first.   Further  evaluation 

of  part  of  this  second  group,  in  collaboration  with  Dr.  Leonard  Laster 
of  the  Arthritis  and  Rheumatism  Branch,  has  shown  clearly  the  presence 
of  chemical  steatorrhea  which  is  sub-clinical.   Further  studies  of  the 
effects  of  dietary  fat  on  mineral  absorption,  and  conversely,  of 
dietary  mineral  on  fat  absorption,  are  in  progress. 

2.  Preliminary  investigations  have  suggested  an  abnormality  of 
sweat  electrolytes  in  a  small  group  of  patients  with  osteoporosis. 
This  abnormality  is  similar  to,  but  not  identical  with,  that  seen  in 
heterozygous  cystic  fibrosis. 

3.  Radioisotopic  studies  of  the  rates  of  accumulation  of  calcium 
are  continuing  in  patients  with  a  variety  of  bone  diseases  under  the 
influence  of  hormonal  and  nutritional  factors.  Refinement  of  the 
techniques  used  in  our  laboratory  is  making  it  possible  to  evaluate 
the  isotope  excretion  curves  for  30  to  40  days  after  administration. 
It  is  expected  that  these  data  may  shed  light  on  mechanisms  of  bone 
resorption. 

4.  Calcium  tolerance  studies  which  attempt  to  measure  the  avidity 
of  bone  for  calcium  suggest  dual  site  of  action  for  corticosteroids  in 
the  metabolism  of  calcium,  one  at  the  level  of  bone  absorption  and  one 
involving  renal  excretion. 

5.  Citric  acid  and  lactic  acid  have  variously  been  implicated  as 
the  metabolic  agents  through  which  parathyroid  hormone  exercises  its 
influence.  No  conclusive  clinical  studies  have  been  reported  of 
citrate  metabolism  in  human  bone  diseases.  The  dynamics  of  citrate 
metabolism  and  its  effect  on  mineral  metabolism  are  being  studied 


527 


Serial  No.  NIAMD-MDB-lc 

utilizinq  a  constant  infusion  technique  of  citrate  and  measurement  of 
rates  of  urinary  excretion  and  blood  disappearance.  Preliminary 
examination  of  the  crude  data  demonstrates  an  abnormal  mechanism  of 
disappearance  of  citrate  in  osteitis  deformans  and  increased  rates  of 
disappearance  in  osteoporosis  and  in  patients  treated  with  cortico- 
steroids. Studies  are  in  progress  to  evaluate  the  effect  of  dietary 
calcium  on  citrate  utilization,  as  well  as  of  the  effects  of  hormones 
in  Paget's  disease. 

Significance  to  NIAMD  Research:   Senile  and  post-menopausal  osteo- 
porosis are  forms  of  skeletal  demineralization  responsible  for  signi- 
ficant morbidity  as  the  proportion  of  older  people  in  the  population 
increases  in  this  country  and  in  the  world.  The  long-accepted  views 
that  these  disorders  are  simply  the  result  of  hormonal  imbalance  are 
no  longer  tenable  in  light  of  results  from  this  and  other  laboratories. 
The  results  of  this  laboratory  emphasize  more  strongly  the  significance 
of  nutritional  and  possibly  genetic  factors  in  the  pathogenesis  of 
osteoporosis  and  suggest  that  vigorous  nutritional  approaches  may  be  of 
therapeutic  benefit. 

The  radioisotopic  studies  of  bone  formation  and  the  various 
nutrient  utilization  tests  being  studied  are  yielding  data  on  the 
fundamental  differences  in  the  mechanisms  of  bone  metabolism  in 
various  bone  diseases  and  on  the  mode  of  action  of  hormones  and  other 
agents  in  metabolic  processes  in  bone. 

Proposed  Course  of  Project:   Metabolic  balance,  isotopic,  utiliza- 
tion, and  gastrointestinal  absorptive  studies  will  be  continued  in 
patients  with  osteoporosis,  osteitis  deformans,  and  other  diseases 
of  bone  demineralization  in  an  effort  to  determine  the  effects  and 
modes  of  action  of  adrenal  cortical  and  gonadal  steroids  and  of  the 
mineral  level  of  the  diet  on  the  processes  of  bone  formation  and 
resorption.  It  is  expected  that  jn.  vitro  studies  of  human  bone  metabo- 
lism will  be  started  in  the  near  future,  utilizing  biopsy  specimens. 
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PUS-NIH 

Individual  Project  Report 

Calendar  Year  1960 


Part  B;   Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

1)  Whedon,  G.  D.  Osteoporosis:  atrophy  of  disuse.  Proceedings 
of  Research  Conference  "Bone  as  a  Tissue".  The  Lankenau 
Hospital.  Philadelphia,  Pennsylvania,  October  30-31,  1958. 
McGraw-Hill,  February,  I960,  pp.  67-82, 
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1.  Clinical  Investigations 

2.  Metabolic  Diseases  Branch 

3.  Bethesda 

PHS-NIH 
Individual  Project  Report 
Calendar   Year    1960 

Part  A 

Project  Title:  Metabolic  Effects  of  Adrenal  Cortical  Steroids 

Principal  Investigator:  Dr.  G.  Donald  Whedon 

Other  Investigators:     Dr.  Leo  Lutwak,  Dr.  Armen  H.  Tashjian,  Jr., 

and  Dr.  Hillel  J.  Gitelman 

Cooperating  Units:   This  project  complements  (and  is  cooperative  with) 
"Trial  of  New  Anti-Rheumatic  Drugs" 

Man  Years  (calendar  year  1960): 


Total      : 

2/3 

Professional: 

1/3 

Other 

1/3 

Project  Description: 

Obledives:  To  evaluate  the  metabolic  effects  of  various  new 
synthetic  adrenal-cortical  steroids  with  respect  to  sodium,  potassium, 
nitrogen,  calcium,  phosphorus,  and  magnesium  balance.  Despite  effective 
anti-inflammatory  action,  a  new  steroid  may  not  be  qualified  for 
extensive  clinical  trial  in  rheumatoid  arthritis  if  significant  sodium 
and  water  retention  and  potassium  and  nitrogen  loss  are  produced. 
Furthermore,  if  a  new  compound  can  prevent  or  minimize  the  increased 
risk  of  osteoporosis  frequently  accompanying  corticosteroid  therapy 
in  rheumatoid  arthritis,  it  would  be  of  greater  clinical  and  therapeutic 
interest. 

Methods  Employed:  Under  rigid  dietary  control,  short-term  metabolic 
balance  studies  (6-8  weeks)  are  performed  of  the  effects  of  new  synthetic 
adrenal  steroids  on  the  urinary  excretion  of  nitrogen,  sodium,  and 
potassium  and  on  the  blood  levels  of  the  latter  two  elements.  In 
selected  patients  with  rheumatoid  arthritis  and  in  occasional  normal 
volunteers,  more  lengthy  balance  studies  are  carried  out  for  evaluation 
of  the  long-term  effects  of  these  compounds  on  the  complete  metabolic 
balances  of  these  elements  and  of  cal'cium  and  phosphorus. 


Part  B  included:   No 

1  530 


Serial  No.  NIAMD-MDD-2c 

Ma  lor  Findings;   Diirinq  the  past  year  a  single  66  day  balance 
study  on  a  normal  volunteer  has  been  conducted  to  examine  the  metabolic 
effects  of  a  new  synthetic  corticosteroid,  compound  128,  a  6-alpha- 
fluorinated  corticosteroid.  Previous  studies  on  this  project  with 
this  compound  in  a  patient  with  active  rheumatoid  arthritis  demonstrated 
absence  of  significant  sodium  and  water  retention  and  absence  of 
significant  potassium  loss,  accompanied,  however,  by  expected  nitrogen 
loss  and  anti-rheumatic  activity.   A  slight  decrease  in  urinary  calcium 
was  seen,  and  after  an  initially  increased  fecal  excretion  of  calcium, 
there  was  progressive  retention  of  calcium.  The  present  subject,  a 
normal  young  fema le,  demonstrated  the  same  results  with  respect  to 
sodium,  Dotassium,  and  nitrogen  excretions,  but  somewhat  different 
effects  on  calcium  balance.  There  was  a  slight  and  probably  insig- 
nificant change  in  urinary  calcium  excretion  accompanied  by  a  consistent 
increase  in  fecal  calcium.  These  results,  after  comparison  with  similar 
studies  by  this  laboratory  with  other  corticosteroidsand  other  patients, 
both  normal  and  with  rheumatoid  arthritis,  suggest  that  a  different 
mode  of  action  of  the  rorticosteroids  on  calcium  metabolism  exists 
in  patients  with  rheumatoid  arthritis  as  compared  with  normal  subjects. 
Whether  this  different  action  has  its  principal  locus  in  bone  or  in 
intestinal  mucosa  is  not  yet  clear. 

Significance  to  NIAMD  Research:   This  study  is  cooperative  with 
"Trials  of  New  Anti-Rheumatic  Drugs,"  NIAMD,  and  is  important  in 
indicating  whether  or  not  effective  anti-rheumatic  corticosteroids 
may  be  given  safely  to  patients  over  long  periods  of  time  with  respect 
to  metabolic  effects.   Furthermore,  this  study  complements  "Studies 
in  Bone  Metabolism,"  NIAMD,  particularly  in  those  aspects  concerned 
with  the  effects  of  corticosteroids  on  calcium  metabolism. 

Proposed  Course  of  Proi'ect:  This  project  will  he  continued  inter- 
mittently as  facilities  permit  and  as  new  compounds  are  suggested  for 
evaluation,  with  particular  emphasis  on  long-term  effects  on  mineral 
balance.  It  is  proposed  to  evaluate  further  the  apparent  difference 
in  the  effects  of  corticosteroids  on  calcium  metabolism  in  patients 
with  rheumatoid  arthritis  as  compared  with  normal  subjects.   Further- 
more, as  facilities  permit,  the  project  will  be  expanded  to  include 
the  metabolic  evaluation  of  agents  designed  to  counteract  the  undesir- 
able side-effects  of  the  corticosteroids. 
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1.  Clinical  Investiqations 

2.  Metabolic  Diseases  Branch 

3.  Bethesda 

PHS-NIH 
Individual  Project  R eport 
Calendar  Year   1960 

Part  A 

Project  Title:  Total  Enerqy  Metabolism:  Studies  in  Health  and  Disease 

Principal  Investigator:   Dr.  G,  Donald  Whedon 

Other  Investigators:     Drs.  E.  P  .  Buskirk,  R.  H.  Thompson,  R.  Moore, 

L.  Lutwak,  A.  Tashjian,  Jr.  and  H.  Gitelman 

Cooperating  Units:   NIAMD,  Laboratory  of  Nutrition  and  Endocrinology 
(Section  on  Nutrition);  NCI,  General  Medicine 
Branch  (Metabolism  Service). 

Man  Years  (calendar  year  1%0): 
Total  ,     :  5-2/3 
Professional:  3-1/2 
Other       :  2-1/6 

Project  Description: 

Objectives:  To  apply  the  technique  of  continuous,  extended  in- 
direct calorimetry  (respiratory  gas  exchange)  and  a  number  of  related 
metabolic  and  physiologic  techniques  to  the  study  of  human  total 
enerqy  metabolism,  a)  to  elucidate  the  mechanisms  of  normal  physiologic 
response  to  various  stimuli,  including  climatic  stress,  b)  to  study 
the  influence  and  mechanism  of  action  on  metabolism  of  a  variety  of 
endocrine  hormones,  and  c)  to  investigate  the  characteristics  of 
enerqy  expenditure,  enerqy  balance,  and  aberrations  of  metabolic  pro- 
cesses in  a  variety  of  pertinent  disease  conditions,  such  as  obesity. 

Methods  Employed:   Indirect  human  calorimetry  by  means  of  complete 
continuous  expired  air  analysis  in  the  Metabolic  Chamber,  metabolic 
balance  determinations,  caloric  analysis  of  dietary  intake  and  excreta 
and  a  variety  of  endocrine,  hormonal  and  metabolic  analyses  on  blood 
and  urine. 


Part  B  included:  Yes 
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Major  Findings:   1.  Energy  Metabolism  in  the  Cold:  Relationships 
to  Body  Fat  Content:   A  paper  is  in  preparation  on  a  study  of  the  energy 
metabolic  response  to  50°F  exposure  involving  8  male  and  1  female 
subjects  ranging  in  body  fat  content  from  15  to  45%.   In  summary  of 
the  principal  findings,  a  specific  formula  was  derived  (with  the  aid 
of  Dr.  J.  Z.  fJearon)  for  the  inverse  relationship  between  percent  body 
fat  and  resting  heat  production  (energy  expenditure  response)  per 
unit  of  body  surface  area.  It  was  demonstrated  clearly  that  when 
obese  subjects  are  exposed  to  cold  their  relatively  small  metabolic 
response  results  in  a  net  saving  of  energy  as  compared  to  the  energy 
balance  situation  in  a  lean  individual;  this  represents  a  modest  but 
definite  influence  acting  toward  maintenance  of  positive  caloric  balance 
in  the  obese.   Body  insulation  was  found  to  be  directly  related  to  the 
amount  of  body  fat,  but  not  completely  accounted  for  by  body  fat.  Wide 
individual  differences  in  metabolic  response  were  noted  among  subjects 
matched  in  age,  previous  cold  exposure  and  body  fat  content.  The 
subjective  reaction  to  cold  was  unrelated  to  the  metabolic  response; 
in  other  words,  well  insulated  obese  individuals  displaying  less 
metabolic  response  in  calories  expended  than  thin  subjects  either  might 
or  might  not  display  as  intense  a  subjective  discomfort  in  the  cold. 
Metabolic  response  in  the  cold  was  periodic,  occurring  in  cycles  having 
periods  of  7  and  18  minutes;  the  18  minute  peaks  ivere  associated  with 
frank  muscular  shivering. 

2,  Interrelationships  of  Exercise  and  Caloric  Restriction  in  Weight 
Reduction  in  Obesity:  Current  studies  of  obesity  have  been  directed 
primarily  toward  study  of  the  relative  influence  of  enforced  energy 
expenditure  by  exercise  on  appetite  and  on  rate  of  weight  loss  during 
caloric  restriction,  and  also  study  of  work  capacity  (cardio-pulmonary 
function  during  exercise)  in  the  obese  subject.  Studies  thus  far  on 
four  obese  women  and  on  four  women  of  normal  weight  have  indicated 

the  following  principal  findings  among  several  noted:   1)  Exercise  clearly 
contributed  to  the  daily  negative  caloric  balance  on  intakes  of  650  to 
1000  kilocalories  per  day,  as  demonstrated  by  24   hour  measurements  of 
energy  expenditure  in  the  Metabolic  Chamber;  and  2)  Energy  expenditure 
at  standard  treadmill  rates  and  slopes  decreased  progressively  as  body 
weight  was  lost  by  obese  subjects;  when  obese  subjects  were  re-loaded 
with  a  canvas  vest  containing  lead  shot  to  a  previous  natural  weight, 
energy  expenditure  per  unit  weight  transported  was  usually  less,  indicat- 
ing inefficient  transport  of  obesity  tissue  as  compared  to  inert  weight, 

3.  Energy  Balance  During  Weight  Reduction  in  Obese  Patients: 
Obesity  is  generally  regarded  as  one  of  the  major  health  problems,  yet 
little  is  known  about  energy  balance  in  the  obese  person,  largely 
because  investigators  have  rigorously  evaluated  the  role  of  dietary 
intake  but  only  a  few  studies  have  been  devoted  to  a  critical  analysis 
of  both  intake  and  energy  expenditure  of  obese  patients.  It  has  been 
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demonstrated  that  obese  female  subjects  are  markedly  less  active  than 
their  lean  counterparts  in  terms  of  the  number  of  miles  walked  per  day. 
It  is  also  known  that  the  rate  of  enerqy  expenditure  is  dependent  on 
the  mass  moved  so  that  the  obese  person  uses  more  enerqy  per  mile  than 
the  lean  person.  The  resultant  of  these  effects  in  terms  of  an  energy 
expenditure  vector  remains  unknown.  Current  Metabolic  Chamber  studies 
involve  detailed  continuous  analysis  of  enerqy  expenditure  in  obese 
patients  as  compared  to  subjects  of  more  normal  body  composition.  This 
approach  should  help  to  establish  or  disprove  the  existence  of  a 
"species"  of  obese  patients  who  under  conditions  of  ordinary  daily 
living  are  said  to  maintain  their  body  weight  on  relatively  low  levels 
of  caloric  intake  (1300  kcal/day  or  less).  This  type  of  obese  patient 
has  been  labeled  "hypophagic  obese,"  a  category  voluntarily  accepted 
by  many  obese  patients  as  one  applicable  to  them.   In  order  to  evaluate 
daily  energy  expenditure,  knowledqe  about  body  composition  and  particu- 
larly the  extent  of  body  fatness  is  imperative.  Several  measurements 
of  body  composition  are  obtained  such  as  total  body  water  and  body 
density;  these  measurements  are  supplemented  by  caloric,  nitrogen, 
sodium  and  potassium  balances  in  order  to  appraise  body  composition 
in  several  ways. 

4.   Change  in  Resting  Metabolism  When  Awake  or  Asleep  as  a  Result 
of  Weight  Reduction:  One  of  the  interesting  observations  made  on 
individuals  of  normal  body  composition  during  semistarvation  (University 
of  Minnesota,  1944-56)  was  the  progressive  diminution  of  resting 
metabolic  rate  both  when  awake  or  asleep.  No  known  unit  of  reference 
including  body  weight,  surface  area,  fat-free  mass,  or  fat-free  water- 
free  mass  accounted  for  the  observed  reduction  in  metabolic  rate. 
It  is  usually  said  that  resting  metabolic  rate  in  the  obese  individual 
subjected  to  weight  reduction  decreases  only  in  proportion  to  the 
decrease  in  surface  area.  In  Metabolic  Chamber  studies  two  obese 
subjects  were  noted  in  whom  the  resting  metabolic  rate  followed  the 
pattern  exhibited  by  the  normal  semistarved  individual.  No  unit  of 
reference  applied  thus  far  has  accounted  for  the  observed  reduction  in 
resting  metabolic  rate  in  these  two  obese  subjects.  This  observation 
may  be  contrasted  to  the  results  on  other  obese  subjects  who  responded 
as  predicted,  i.e.  resting  metabolism  per  unit  surface  area  remained 
constant  as  weight  was  lost.  Thus,  each  of  the  two  obese  subjects 
responded  within  her  shell  of  body  fat  as  an  individual  with  much  less 
body  fat  would  have.  The  metabolic  basis  for  this  observation  remains 
unknown  but  may  reside  in  certain  hormonally  influenced  mechanisms 
tending  to  prevent  fat  utilization  and  mobilization  in  the  obese 
individual. 
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5.  Biochemical  and  Endocrine  Studies  in  Obesity:   Preliminary 
results  suQqest  a  distinct  difference  in  pituitary-adrenal  cortical 
interrelations  in  obesity  as  compared  with  normal  individuals.  Although 
baseline  urinary  hormonal  metabolite  excretions  are  reported  as  only 
sliqhtly  elevated  in  obese  individuals,  the  adrenal  cortical  response 

to  exogenously  administered  adrenocorticotrophic  hormone  was  markedly 
abnormal  in  the  two  individuals  examined  to  date.  No  conclusions  can 
be  derived  from  these  observations  as  yet,  but  they  lead  to  specula- 
tion concerning  the  role  of  the  pituitary  adrenal  cortex  axis  in 
perpetuating  existing  obesity, 

6.  Summation  of  Metabolism  Associated  with  SDE  and  Exercise: 
It  was  previously  shown  (see  1959  Annual  Report)  that  the  increase 
in  metabolic  rate  as  a  result  of  cold  exposure  and  the  increase 
from  Specific  Dynamic  Effect  (SDE)  result  in  a  summated  metabolic 
response  when  the  subject  eats  while  exposed  to  cold.  This  observation 
has  been  confirmed  by  studies  on  individuals  who  ranged  from  13  to 

45   per  cent  body  fat.  A  similar  summation  has  been  observed  if  the 
subject  eats  either  before  or  while  walking  on  the  treadmill.  Graded 
walking  up  to  the  strenuous  level  of  3.5  mph  10%  grade  failed  to 
eliminate  SDE.   It  would  appear  that  in  any  accurate  appraisal  of 
24  hour  energy  expenditure.  Specific  Dynamic  Effect  must  be  routinely 
considered  as  a  small  (5  to  10%)  but  important  part  of  daily  energy 
expenditure  even  though  high  level  metabolic  stress  is  an  integral 
part  of  the  experimental  regimen. 

7.  Further  Investigation  of  Methods  of  Determining  Total  Body 
Water:   In  studies  on  obesity  it  is  important  to  make  regular  measure- 
ments of  total  body  composition  in  order  to  assess  the  rate  of  loss  of 
body  fat  during  a  particular  regimen.  Unfortunately,  it  is  frequently 
difficult  to  secure  blood  samples  at  fixed  intervals  from  obese  sub- 
jects because  of  the  difficulties  associated  with  venipuncture  in  the 
obese.  To  circumvent  this  problem,  experiments  have  been  conducted 
both  with  the  route  of  administration  of  the  tracer  and  the  method  of 
collection  of  body  fluid  samples.  It  has  been  found  that  oral  adminis- 
tration of  tritium  combined  with  either  urine  or  breath  water  collection 
will  yield  dependable  results  for  total  body  water.  Breath  water  col- 
lection has  the  added  advantage  in  that  extra  handling  such  as  centri- 
fugation  or  decolorization  does  not  have  to  be  performed  prior  to 
analysis.  A  special  device  was  constructed  for  the  collection  of  breath 
water  which  gave  adequate  collections  of  expired  water_  vapor  after 

only  3  to  10  minutes  of  breathing  into  the  device.  /A  modification 
of  the  breath  water  vapor  collector  is  currently  being  used  by  Dr. 
Gibson,  Pediatric  Metabolism  Branch,  who  is  measuring  respiratory 
water  loss  in  patients  with  cystic  fibrosiSj^ 
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Significance  to  NIAMD  Research;  Studies  of  human  energy 
metabolism  in  the  Metabolic  Chamber  are  concerned  with  a  variety  of 
basic  problems  of  physiology  and  metabolism  and  are  thus  directly 
related  to  the  principal  interests  of  NIAMD  research. 

Proposed  Course  of  Project:   Studies  will  be  continued  along  the 
principal  lines  described  in  this  report. 
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Calendar  Year  1960 


Part  B;  Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

1)  lampietro,  P.  F.,  and  Buskirk,  E.  R.:  Effects  of  high  and 

low  humidity  on  heat  exchanges  of  lightly  clothed  men. 
J.  Appl.  Physiol.  15:  212.  1960. 

2)  Buskirk,  E.  R.:  Problems  related  to  the  caloric  cost  of 

living.  Bull.  N.  Y.  Acad,  of  Med.  36:  365,  1960. 

3)  Buskirk,  E.  R.,  Thompson,  R.  H.,  Moore,  R.,  and  Whedon,  G.D.: 

Human  energy  expenditure  studies  in  the  National  Institute 
of  Arthritis  and  Metabolic  Diseases  Metabolic  Chamber.  I. 
Interaction  of  cold  environment  and  specific  dynamic 
effect.  II.  Sleep.  Am.  J.  Clin.  Nutr.  8:  602,  1960. 

4)  Buskirk,  E.  R.,  and  Bass,  D.  E.:  Climate  and  Exercise. 

Chapter  in  Science  and  Medicine  of  Exercise  and  Sport. 
Harper  and  Bros.,  1960.  pp.  311-338. 

5)  Moore,  R.  E.,  and  Buskirk,  E.  R.:  Exercise  and  body  fluids. 

Chapter  in  Science  and  Medicine  of  Exercise  and  Sport. 
Harper  and  Bros.,  1960,  pp.  236-251. 

6)  Buskirk,  E.  R.,  and  Counsilman,  J.  E.:   Special  exercise 

problems  in  middle  age.  Chapter  in  Science  and  Medicine 
of  Exercise  and  Sport.  Harper  and  Bros.,  1960,  pp.  491-507 
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PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 

Part  A 

Project  Title:   Study  of  the  Immunology  of  Blood  Cell  Deficiencies 

Principal  Investigator:   N.  Raphael  Shulman,  M.  D. 

Other  Investigators:   Richard  H.  Aster,  M.  D.,  and  Alfred  Leitner,  M.  D. 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960): 
Total:    ^3 
Professional:   1-1/2 
Other:        1-1/2 

Project  Description: 

Objectives:   To  study  the  nature  of  immunologic  reactions  which  re- 
sult in  formation  of  antibodies  against  autologous  blood  cells,  and  to 
determine  the  significance  of  immunity  in  development  of  "idiopathic"  blood 
cell  deficiency  states.  Of  special  interest  are  the  biochemical  reactions 
which  result  in  formation  of  complexes  between  cells,  antibodies,  and  drug 
haptenes  and  the  physiologic  processes  which  result  in  sequestration  of  cells 
with  attached  antibodies. 

Methods  Employed:   Techniques  of  quantitative  immunochemistry,  in- 
cluding preparation  and  physico-chemical  characterization  of  purified  anti- 
bodies and  antigens,  micro-analyses  for  nitrogen,  histamine,  and  alkaloid 
drugs,  quantitative  measurements  of  complement  fixation,  cellular  agglutina- 
tion and  precipitin  reactions,  immuno-electrophoresis,  methods  of  provoking 
antibody  responses  in  man  and  animals,  and  isotopic  and  fluorescent  labeling 
applied  to  antigens  and  antibodies. 

Major  Findings; 

1.  Pathogenesis  and  treatment  of  a  new  immunologic  disease  -  A 
thrombocytopenic  state  which  develops  in  the  absence  of  any  apparent  under- 
lying disorder  represents  the  relatively  common  syndrome  of  idiopathic 
thrombocytopenic  purpura  (ITP) .  Similarities  between  this  syndrome  and 

Part  B  included:   YES 
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thrombocytopenic  states  which  can  be  produced  experimentally  with  anti- 
platelet antibodies  (see  1958  report)  suggest  that  ITP  is  caused  by  an 
immunologic  process.  However,  up  to  now  neither  a  definite  antibody  nor  a 
naturally  occurring  antigen  has  been  implicated  in  ITP.   Studies  done  in  the 
past  year  concerned  differentiation  of  a  specific  immunologic  type  of  purpura 
which  heretofore  was  indistinguishable  from  ITP.  The  pathogenesis  of  the 
disease  proved  to  involve  mis-match  of  an  inherited  platelet  antigen  and  sub- 
sequent development  of  a  complement-fixing  antitplatelet  iso-antibody  which 
was  capable  of  producing  severe  thrombocytopenia  in  the  sensitized  individual. 
Complete  and  immediate  cure  was  produced  by  exchange  transfusion. 

The  antigen  and  antibody  involved  have  been  purified  and  extensively 
characterized,  the  nature  of  the  immuno  reactions  have  been  defined  precisely, 
and  the  genetic  control  of  the  platelet  antigen  has  been  fully  characterized. 

The  following  are  some  of  the  most  interesting  entirely  new  facts  in 
the  field  of  immuno-hematology  which  were  derived  from  this  study:   An  allelic 
pair  of  autosomal  genes  in  human  beings  determines  three  platelet  genotypes 
which  can  be  distinguished  by  quantitative  immunologic  studies  as  phenotypes . 
This  is  the  first  time  blood  cell  phenotypes  corresponding  to  the  genotypes 
have  been  differentiated.  An  antigen  on  platelets  of  98%  of  the  local  papu- 
lation is  lacking  on  platelets  of  2%.   Thus  mis -match  of  the  antigen  occurs 
in  approximately  27o  of  all  transfusions.  The  antigen  fortunately  is  only 
weakly  antigenic.  Even  if  an  antibody  forms,  it  is  unable  to  react  with  the 
recipient's  platelets  unless  some  free  antigen  remains  in  the  circulation  to 
coat  the  recipient's  platelets  and  permit  attachment  of  antibody.  This  is  the 
first  time  that  transfer  of  a  free  cellular  antigen  has  been  implicated  in  a 
disease  of  sensitivity.  Exchange  transfusion  produced  a  cure  primarily  by 
effecting  removal  of  free  antigen  rather  than  removal  of  antibody. 

The  most  sensitive  technique  for  measuring  the  immunoreactions  involved 
is  quantitative  complement  fixation;  for  other  techniques  generally  applied 
in  immuno-hematology  such  as  platelet  agglutination.  Coombs  seriam  procedures, 
and  staining  with  f luoresceine-tagged  antibodies  were  an  order  of  magnitude 
less  sensitive  or  completely  useless.  Just  as  in  the  case  of  drug  antibodies 
(see  1958  report),  the  present  antibody  was  found  to  produce  thrombocytopenia 
in  vivo  in  man  and  animals  at  concentrations  which  are  not  detectable  by  the 
most  sensitive  techniques  available.   Immunoreactions  of  the  type  delineated 
could  account  for  a  nvimber  of  diseases  considered  to  be  "autoirmune"  processes 
only  because  no  foreign  antigen  has  been  identified  as  yet. 

2.  Pathogenesis  of  a  newly  recognized  purpuric  disease  caused  by 
sensitization  of  patients'  skin  to  their  own  red  cells.   In  our  1958  and  1959 
reports  we  presented  details  of  studies  of  an  unusual  form  of  autosensitivity 
in  which  a  minute  amount  of  the  patient's  own  red  cells  produced  large  painful 
ecchymoses  when  extravasated  into  the  skin.  We  found  that  these  lesions, 
which  were  produced  by  as  little  as  6  micrograms  of  red  cell  stroma,  could  be 
precisely  duplicated  by  intradermal  injections  of  as  little  as  1  microgram  of 
histamine  or  by  injection  of  any  agent  which  released  skin  histamine  (such  as 
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basic  amines  or  trypsin).  The  conclusions  were  that  ecchymoses  were  mediated 
by  histamine,  released  as  the  result  of  an  antigen-antibody  reaction  occurring 
Intradermally.   Since  then  we  have  had  opportunity  to  study  five  other  patients 
with  a  similar  disorder  but  with  varying  sensitivity  both  to  histamine  and  to 
red  cell  stroma.  As  a  result  we  have  defined  a  spectrum  of  symptomology  which 
these  patients  may  present,  and  have  thereby  shed  some  light  on  the  nature  of 
obscure  fixed  tissue  antibodies  and  their  effects  on  vascular  permeability. 

3.   Comparison  of  antibody  reactions  in  drug  hemolytic  anemia  and  dru^ 
thrombocytopenic  purpura  -  Following  our  finding  (see  1958  report)  that  the 
complex  reactions  which  take  place  between  quinidine,  antibody,  platelets,  and 
complement  in  quinidine  thrombocytopenic  purpura  are  the  same  as  the  reactions 
which  take  place  between  stibophen,  antibody,  red  cells,  and  complement  in 
stibophen  hemolytic  anemia,  we  have  continued  work  with  the  rare  antibody  in- 
duced by  stibophen  in  an  attempt  to  resolve  the  question  of  antigen  specificity, 
measure  the  precise  valence  of  antibody,  and  determine  the  number  of  sites  for 
antibody  attachment  per  cell.  Antibodies  of  drug  purpura  and  drug  hemolytic 
anemia  are  uniquely  suitable  for  such  studies  because  the  type  of  antigen- 
antibody  complex  formed  and  the  rate  of  formation  can  be  controlled  by  a  single 
factor,  the  concentration  of  drug.  These  studies  have  required  development 
and  modification  of  methods  for  measuring  extremely  low  concentrations  of 
catechols  by  spectrophotometric,  spectrophotof iuorometric,  and  isotopic  label- 
ing techniques  combined  with  immuno-electrophoresis. 

Progress  so  far  indicates  that  the  first  step  of  the  over-all  reaction 
which  results  in  an  antibody-drug-cell-complement  complex  is  the  attachment 
of  drug  to  antibody.  This  is  an  important  finding,  for  if  the  first  step  of 
complex  formation  is  combination  of  antibody  with  drug,  rather  than  cell  with 
drug,  the  implications  are  that  the  cell-drug  complex  is  not  the  antigen,  but 
that  the  antibody-drug  complex  may  be  non-specif ically  adsorbed  on  cell  mem- 
branes, just  as  other  non-antibody  plasma  proteins  are  adsorbed.  Explicit 
information  concerning  this  type  of  immunoreaction  and  its  effects  on  cells  is 
essential  in  order  to  provide  a  basis  for  interpreting  the  obscure,  apparently 
non-specific  reactions  between  cellular  components  and  gamma  globulin  in  dis- 
eases such  as  rheumatoid  arthritis,  Sjogren's  syndrome,  and  lupus  erythematosis . 

Significance  to  NIAMD  Research:    Studies  of  reactions  between  naturally- 
occurring  antibodies  and  specific  cellular  antigens  have  provided  explicit  in- 
formation concerning  the  significant  factors  which  cause  cellular  damage 
in  vivo  in  human  beings.  These  studies  not  only  have  provided  better  ways  of 
diagnosing  and  treating  immune  hematologic  diseases,  but  also  have  numerous 
implications  in  a  large  group  of  diseases  of  suspected  sensitivity  in  general 
medicine  (e.g.  rheumatoid  arthritis,  collagen  diseases,  nephritis,  etc.).  The 
studies  of  haptene-antibody-cell-complement  association  and  specific  mechan- 
isms of  complement  fixation  have  provided  significant  basic  information  con- 
cerning problems  in  the  general  field  of  immunochemistry. 

Because  of  the  need  for  consultation  on  problems  of  anemia,  leukopenia 
and  thrombocytopenia  throughout  the  Clinical  Center,  it  has  been  necessary  to 
devote  a  significant  portion  of  our  clinical  and  laboratory  effort  to  this 
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service. 

Proposed  Course  of  Project;   Further  studies  of  the  biochemistry, 
innnunochemistry,  kinetics,  and  physiological  role  of  immunoreactions  which 
are  clinically  significant  will  be  continued  along  lines  indicated  in  the 
present  report. 
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Publications  other  than  abstracts  from  this  project: 

1.  Shulman,  N.  R.  Clinical  implications  of  a  quantitative  study  of  the 
in  vitro  and  in  vivo  reactions  of  an  antibody  responsible  for  thrombo- 
cytopenic purpura.   II  Pensiero  Scientifico,  2:    13,  1960. 

2.  Zubrod,  C.  G.,  Rosenberg,  L.,  Shulman,  N.  R.,  Knight,  V.,  Rowe,  W., 
Edgcomb,  J.,  and  Hilbish,  T.  F.  Unexplained  death  in  a  patient  with 
leukemia.   Clinical  Pathological  Conference.  Annals  of  Int.  Med. 

In  press  -  accepted  for  publication. 
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Part  A 


Project  Title:   Study  of  Blood  Coagulation  and  Diseases  of  Hemorrhage  and 
Thrombosis. 

Principal  Investigator:   N.  Raphael  Shulman,  M.  D. 

Other  Investigators:   Richard  H.  Aster,  M.  D.,  and  Alfred  Leitner,  M.  D. 

Cooperating  Units:   Dr.  John  Z.  Hearon,  Office  of  Mathematical  Research, 
NIAMD 

Man  Years  (calendar  year  1960): 
Total:       2-1/2 
Professional:  1-1/2 
Other:        1 

Project  Description: 

Objectives;  -  Study  of  the  reactions  and  interactions  of  coagulation 
factors  in  vitro  and  in  vivo  to  define  further  the  nature  of  the  blood  coag- 
ulation mechanism,  and  to  determine  factors  of  significance  in  the  pathogenesis 
of  diseases  of  hemorrhage  and  thrombosis  and  develop  better  forms  of  therapy 
for  these  diseases. 

Methods  Employed; -  Methods  of  protein  purification  and  characteriza- 
tion, techniques  of  enzymology  applied  primarily  to  proteolytic  enzymes  and 
their  inhibitors,  kinetic  analyses  of  enzyme  reactions,  procedures  for  quan- 
titative measurement  of  various  clotting  factors,  and  pharmacologic  and 
physiologic  techniques  applied  in  man  and  animals. 

Major  Findings;  -. 

1.   Studies  of  the  initial  stages  of  blood  coagulation  (see  1959 
report)  during  the  past  year  have  involved  chiefly  evaluation  of  the  metab- 
olism of  antihemophilic  factor  (AHF)  and  the  role  of  AHF  in  thromboplastin 
formation.   It  is  well  known  that  most  clotting  factors  are  synthesized  in 
the  liver  because  various  factors  become  deficient  at  different  stages  of 
hepatic  dysfunction.  However,  AHF  never  becomes  depressed  with  liver  disease 
(or  even  following  hepatectomy  of  experimental  animals),  and  moreover  is  not 
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depressed  by  any  other  disease  process.  Therefore  it  has  not  been  possible 
to  induce  AHF  deficiency  to  assess  regeneration  rates  in  animals  capable  of 
forming  this  substance. 

Opportunity  to  study  AHF  acquired  deficiency,  however,  was  afforded  by 
the  finding  in  three  patients  of  an  unusual  coagulation  abnormality  which 
proved  to  be  complete  deficiency  of  AKF  due  to  an  abnormal  component  in  the 
gamma  globulin  fraction  of  plasma  which  specifically  inactivates  this  factor. 
The  patients  studied  were  two  elderly  females,  both  of  whom  had  elevated 
gamma  globulin  levels,  and  a  middle-aged  man  who  had  a  normal  gamma  globulin 
level.   In  each  case  there  was  no  underlying  disease  and  no  apparent  reason 
for  development  of  the  abnormal  gamma  globulin.  Although  the  physical  chem- 
ical properties  of  the  gamma  globulin  are  those  of  a  7S  antibody  and  its 
combination  with  AHF  is  stoichiometric,  it  does  not  fix  complement  with  or 
precipitate  AHF,  and  therefore  cannot  be  classified  as  yet  as  a  true  antibody. 
Of  particular  interest  was  the  finding  that  the  anti-AHF  in  as  little  as  25  ml. 
of  a  patient's  plasma  would  produce  a  marked  AHF  deficiency  in  a  normal  human 
being,  as  well  as  in  laboratory  animals.  This  has  permitted  for  the  first 
time  an  evaluation  of  regeneration  rate  of  AHF  in  normal  individuals  and 
animals  and  provides  a  means  of  determining  the  site  of  synthesis  of  AHF. 

Another  aspect  of  the  work  has  been  experimental  treatment  for  the 
acquired  disease.  Both  plasmaphoresis  and  exchange  transfusions  have  been 
used,  the  latter  approach  having  produced  a  remarkable  clinical  remission. 
Methods  of  assaying  effects  of  the  inhibitor  during  initial  stages  of  coag- 
ulation have  been  developed  and  are  being  used  to  determine  the  step  in  which 
AHF  is  involved  in  formation  of  thromboplastin. 

2.   Further  studies  of  the  effect  of  divalent  ion  chelators  on  blood 
coagulation  factors  (see  1958  and  1959  reports)  have  shown  that  calcium  not 
only  is  an  integral  part  of  AHF  and  Factor  V,  but  also  is  strongly  bound  to 
fibrinogen.   Some  years  ago  it  was  found  that  EDTA  interfered  with  the  coag- 
ulant properties  of  fibrinogen,  and  it  has  generally  been  assumed  that 
chelation  of  ionic  calcium  was  responsible  for  this  effect.  Our  recent  studies 
employing  highly  purified  fibrinogen  indicate  that  fibrinogen  contains  5  to 
10  atoms  of  firmly-bound  calcium  per  molecule,  and  that  EDTA  forms  a  complex 
with  the  calcium  attached  to  fibrinogen  rather  than  effecting  a  reversal  of 
the  calcium-fibrinogen  complex.   Studies  which  are  being  pursued  further  with 
Cl^  labeled  EDTA  promise  to  provide  information  concerning  the  molecular 
structure  of  fibrinogen  and  the  active  sites  involved  in  its  polymerization. 

In  evaluating  the  dissociation  of  Ca-AHF  and  Ca-Factor  V  complexes ,  it 
became  necessary  to  determine  the  equilibrium  concentration  of  Ca   in  mix- 
tures containing  Mg"*^,  protein  capable  of  binding  Mg  and  Ca,  and  the  chelator, 
citrate,  oxalate  or  EDTA.  Dr.  Hearon  has  derived  formulae  for  calculating 
equilibrium  concentrations  of  the  divalent  cations  in  these  complex  mixtures. 
This  has  permitted  a  precise  comparison  of  the  conditions  which  reverse  cal- 
cium clotting  factor  complexes,  as  well  as  the  minimum  amount  of  free  calcium 
required  for  various  coagulation  reactions.  Although  these  studies  were 
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undertaken  with  respect  to  the  coagulation  system,  evaluation  of  the  concen- 
trations of  free  ions  in  complex  mixtures  has  bearing  on  numerous  physiologic 
problems  involving  divalent  cations . 

3.  Studies  on  Factor  VII  (see  1959  report)  have  been  continued  chiefly 
with  respect  to  developing  a  better  form  of  therapy  for  the  congenital  de- 
ficiency state  and  determining  the  survival  of  the  factor  in  the  circulation. 
We  have  used  a  concentrate  which  permits  administering  a  therapeutic  dose  of 
Factor  VII  in  a  2.5  ml.  volume  instead  of  the  250  ml.  of  plasma  previously 
required.  Recent  observations  suggest  that  the  concentrate  is  adequately 
absorbed  following  subcutaneous  or  intramsucular  administration  and  that  a 
simply  administered  prophylactic  dose  may  be  entirely  effective.  Ability  to 
provide  large  amounts  of  the  material  in  a  single  small  injection  has  permitted 
separation  of  the  rate  of  exchange  with  extra  vascular  spaces  from  the  true 
biological  half-life. 

4.  Development  of  proteolytic  enzyme  therapy  for  intravascular  throm- 
bosis has  been  a  continued  interest.  The  euglobulin  fraction  of  human  plasma 
contains  a  precursor  substance  called  plasminogen,  which  on  the  addition  of 
streptokinase  (SK) ,  a  substance  in  the  culture  filtrate  of  streptococci, 
develops  proteolytic  activity.   SK  produces  a  second  activity  in  human  plas- 
minogen called  "activator"  activity,  which  is  capable  of  provoking  proteolytic 
activity  in  plasma  of  animals  which  do  not  contain  activator.   In  every  step 
of  the  purification  of  human  plasminogen,  both  the  precursor  of  the  proteoly- 
tic enzyme,  plasmin,  and  the  precursor  of  the  "activator"  activity  are  concen- 
trated equally.   It  has  been  concluded  from  most  kinetic  analyses  in  the 
literature  that  plasminogen  is  a  mixture  of  two  substances  and  that  strepto- 
kinase first  activates  the  "activator",  and  the  "activator"  then  produces  the 
proteolytic  enzyme,  plasmin.  Our  studies  of  the  kinetics  of  this  system  in- 
dicate that  an  analogy  can  be  drawn  between  the  activation  of  plasminogen  by 
SK  and  the  conversion  of  prothrombin  to  thrombin  by  thromboplastin  (see  1959 
report) .   It  appears  that  plasminogen  is  a  single  substance  which,  under  the 
influence  of  SK,  forms  two  consecutive  derivatives,  the  first  being  the  active 
enzyme,  plasmin,  and  the  second  an  altered  form  of  plasmin  which  is  capable 

of  provoking  proteolytic  activity  in  animal  plasma.  The  steps  in  the  reaction 
can  be  differentiated  by  specific  inhibition  of  the  intermediated  by  specific 
inhibition  of  the  intermediate  derivative  with  soy  bean  trypsin  inhibitor 
(SBTI): 

SK  SK 

Plasminogen ^  Plasmin  ^  Activator 

S 

'     I 
T 

Inactive  Complex 

Significance  to  NIAMD  Research;  -  The  type  of  coagulation  studies  which 
have  been  carried  out  in  the  laboratory  and  on  patients  have  provided  further 
understanding  of  the  nature  of  the  metabolism,  structure,  and  interaction  of 
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various  coagulation  factors.   This  knowledge  has  been  applied  to  develop 
better  methods  of  diagnosing  and  treating  hemorrhagic  and  thrombotic  diseases 
which  have  been  a  categorical  interest  at  NIAMD.  Moreover,  the  principles 
derived  from  studies  of  the  coagulation  system  have  direct  bearing  on  general 
metabolic  and  physiologic  processes  involving  protein  synthesis  and  catabolism, 
protein-protein  and  protein-ion  interactions,  and  enzymatic  reactions.  Collab- 
orative mathematical  analysis  of  the  kinetics  and  equilibria  of  reactions 
involved  in  coagulation  have  general  application  in  other  physiologic  systems, 
as  do  the  studies  relating  molecular  structure  to  function. 

Because  of  the  need  for  consultation  on  coagulation  problems  throughout 
the  Clinical  Center,  it  has  been  necessary  to  devote  a  significant  portion  of 
our  clinical  and  laboratory  effort  to^ this  service. 

Proposed  Course  of  Project;  -  Further  work  will  be  done  along  the 
lines  indicated  in  the  above  summary  of  progress . 
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Part  B     Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

1.  Shaw,  R.  K,,  Shulman,  N.  R.,  Davidson,  J.  D.,  Rail,  D.  P.,  and  Frei,  E. 
Studies  with  the  experimental  antittimor  agent  4-amino-pyrazolo  ^,4-d3 
pyrimidine.  Cancer,  13,  482,  1960. 

2.  Shulman,  N.  R.   Kinetic  evidence  that  streptokinase  forms  plasmin  and 
plasminogen  activator  as  consecutive  derivatives  of  a  single  precursor. 
Thrombosis  et  Diathesis  Haemorrhagica.  In  press  -  accepted  for 
publication. 
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Part  A 


Project  Title:   Study  of  the  Normal  and  Abnormal  Physiology  of  the 
Formed  Elements  of  the  Blood 

Principal  Investigator:  Dr.  Frederick  Stohlman,  Jr. 

Other  Investigator:      Dr.  Archie  MacKinney,  Jr. 

Cooperating  Units:  None 

Man  Years  (calendar  year  1960): 


Total      : 

1 

Professional: 

2/3 

Other       : 

1/3 

Project  Description: 

Oblectives:   Study  of  factors  contributing  to  the  production  and 
destruction  of  formed  elements  of  the  blood  in  normal  and  disease 
states. 

Methods  Employed:  Aside  from  routine  determination  of  formed 
elements  in  the  peripheral  blood,  methods  consist  of  measurement 
of  red  cell  survival  with  Cr^^  and  differential  agglutination,  red 
cell  production  with  Fe^*^  uptake.  In  addition,  the  ability  of  the 
marrow  of  patients  with  refractory  type  anemias  to  respond  normally 
to  standard  stimuli,  phlebotomy,  hypertransfusion  and  steroids  is 
being  studied.  Assays  for  erythropoietine  from  suitable  patients 
before  and  after  various  forms  of  treatment  are  being  conducted  in 
conjunction  with  the  basic  research  project.  Cultures  of  white 
cells  from  the  peripheral  blood  are  made  to  determine  the  presence 
of  "mitotable"  cells  and,  using  H^  thymidine,  the  kinetics  of  growth 
of  these  mitotable  cells. 

Major  Findings:   1.  Further  delineation  of  the  role  of  erythro- 
poietine in  disorders  of  red  cell  production;  aplastic  anemia  with 
severe  anemia  is  not  due  to  inability  to  produce  erythropoietine; 
in  instances  of  hypoxia  associated  with  emphysema  and  where  poly- 
cythemia has  not  been  present,  it  has  not  been  possible  to  demonstrate 
erythropoietine. 
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2.  In  polycythemia  vera  the  peripheral  red  count  appears  to 
have  reached  a  new  steady  state  which  is  independent  of  hemoglobin 
level  and  erythropoietine.  The  possibility  that  this  may  be  an 
alteration  in  a  feedback  mechanism  from  dying  red  cells  was  tested 
by  increasing  the  red  cell  level  above  the  previous  steady  state 
level  without  altering  hemoglobin;  this  was  accomplished  with  iron 
deficient  frozen  autogenous  cells;  a  suppression  of  erythropoiesis 
was  not  accomplished. 

3.  Attempts  to  segregate  a  variety  of  refractory  anemias  on  the 
basis  of  response  to  testosterone,  chromosal  abnormalities,  erythro- 
poietine levels  and  growth  characteristics  of  peripheral  mitotable 
cells  are  in  progress.  Thus  far  one  patient  with  a  hypocellular 
erythroid  series  has  responded  dramatically  to  testosterone;  other 
parameters  were  normal.  In  one  patient  with  a  Fanconi  type  anemia 
there  is  the  suggestion  of  an  abnormal  satellite  in  the  21st  chromo- 
some; family  studies  are  in  progress  in  an  attempt  to  verify  this. 
Amongst  this  patient's  siblings  were  one  mongoloid,  a  disease  known 
to  be  trisomic  for  the  21st  chromosome,  one  simian,  and  one  child 
with  limb  dysplasias,  whose  chromosomes  are  currently  being  analyzed. 
Another  patient  with  Fanconi 's  but  no  congenital  abnormalities  had 

a  normal  chromosomal  pattern. 

4.  Survival  characteristics  of  rare  antibodies  have  been 
studied.  Anti  A  was  shown  to  be  hemolytic  against  Aj  cells  as 
was  one  instance  of  anti  H. 

5.  Clinical  care  service  function  has  been  performed  by  providing 
consultation  to  other  institutes.  These  center  about  anemias  and 

B-12  metabolism. 

Significance  to  NIAMD  Research;  Anemia  is  a  common  complication 
of  arthritis  and  certain  metabolic  diseases  and  may  be  refractory  to 
treatment.  A  better  understanding  of  the  regulation  of  erythropoiesis 
is  of  basic  interest  and  should  eventually  result  in  improved  therapy. 

Proposed  Course  of  Project:  Investigation  of  patients  with 
polycythemia  vera,  anemia  associated  with  rheumatoid  arthritis  or 
thalassemia  with  respect  to  the  relationship  of  hypoxia  and  for  a 
postulated  red  cell  feedback  in  controlling  red  cell  production. 

Further  study  of  refractory  anemia  and  the  effectiveness  of 
steroids  in  therapy. 
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Publications  other  than  abstracts  from  this  project: 
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Survival  of  Cr^^  labeled  red  cells  in  the  presence  of 
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estimation  of  red  cell  production  and  destruction. 
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PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A 


Project  Title:   Studies  on  Glucose  Metabolism  of  the  Anterior 
Pituitary  Gland 

Principal  Investigator:   Samuel  Barondes,  M.  D. 

Other  Investigators:   James  B.  Field,  M.  D.,  Phyllis  Johnson 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:  1/2         " 
Professional:   1/2 
Other:   none 

Project  Description: 

The  glucose  oxidation  of  beef  pituitaries  has  been  studied 
using  radioactive  labeled  glucose  in  the  presence  of  a  variety  of 
hormonal  agents.   It  has  been  observed  that  serotonin  and  catechol 
amines  stimulate  the  formation  of  radioactive  carbon  dioxide  from 
glucose  labeled  in  the  one  position.   Further  studies  on  other 
parameters  of  pituitary  metabolism  and  further  delineation  of  the 
observed  effects  are  contemplated. 

Specifically,  the  investigation  of  the  synthesis  and  release 
of  thyroid  stimulating  hormone  in   vitro  will  be  undertaken  shortly. 

Part  B  included      Yes  7   7   No  7x7 
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Branch 
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PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A 


Project  Title:   Model  Reactions  for  the  Biosynthesis  of 
Thyroxine . 

Principal  Investigator:   Hans  J.  Cahnmann,  Ph.  D. 

Other  Investigators:   Tetsuo  Shiba,  Ph.  D. 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:   5/6 
Professional:   5/6 
Other:  none 

Project  Description: 

Subject:   The  mechanism  of  the  nonenzymic  formation  of 
thyroxine  (T4)  from  diiodotyrosine  (DIT)  and  its  keto  analog,  3,5- 
diiodo-4-hydroxyphenylpyruvic  acid  (HPPA)  has  been  studied. 

Motivation;   In  view  of  the  recent  finding  that  T,  is  formed 
in  high  yield  (257o)  and  almost  instantaneously  when  DIT  and  HPPA  are 
mixed  at  room  temperature  in  the  presence  of  oxygen  at  pH  7-8,  the 
possibility  that  HPPA  also  plays  a  role  in  the  biosynthesis  of  T- 
from  DIT  must  be  considered. 

Experimental:   A  number  of  experiments  were  carried  out  in 
order  to  determine  which  structural  features  of  HPPA  are  responsible 
for  the  formation  of  T,  in  high  yield.   Several  analogs  of  HPPA 

l^  HH  CO  CH3  j!^  lio//      X^^ 

were  synthesized  and  then  incubated  with  DIT.  Either  no  T, — or  only 
a  trace  amount  of  it — was  formed.  Also  pyruvic  acid  gave  no  T,,  when 
incubated  with  DIT.  The  same  holds  true  for  the  acylamino  acid  (keto 
acid  peptide)  in  which  HPPA  is  peptide- linked  to  glycine.   (The  behavior 
of  other  keto  acid  peptides  will  yet  have  to  be  investigated.)  When 
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HPPA  was  incubated  with  DIT  in  the  presence  of  pyridoxamine  (in  order 
to  form  the  Schiff  base  HPPA- pyridoxamine  Jji  situ)  only  half  as  much 
T,  was  formed  as  in  the  absence  of  pyridoxamine.  When  HPPA  was 
incubated  with  DIT  in  the  presence  of  ninhydrin  (in  order  to  form 
3,5-diiodo-4-hydroxyphenylacetaldehyde  in   situ)  no  T,  was  formed.  All 
these  experiments  show  that  the  ability  to  form  T,  in  high  yield  in  the 
presence  of  DIT  and  oxygen  is  a  highly  specific  property  of  HPPA  and 
not  shared  by  any  one  of  its  analogs  tested  so  far. 

131 

Incubation  experiments  with  I   -labelled  stacdag  materials 

(either  HPPA  or  DIT)  were  carried  out  in  order  to  determine  whether 
one  mole  of  HPPA  and  one  mole  of  DIT  couple  to  form  one  mole  of  T, 
or  whether  the  HPPA  acts  only  as  a  catalyst  for  the  coupling  of  two 
moles  of  DIT.  These  experiments  are  now  in  progress  and  will  be 
extended  to  C^"^- labelled  starting  materials. 

Conclusions:   The  results  obtained  so  far  permit  the  conclusion 
that  both  HPPA  and  DIT  are  reaction  partners.   Experiments  now  in 
progress  will  show  whether,  as  expected,  the  HPPA  furnishes  the 
phenolic  ring  and  DIT  the  remainder  of  the  T, -molecule. 

Part  B  included     Yes  /  7   No  /X~J 
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Part  A  —  II 


Project  Title:   Synthesis  of  p-Hydroxyphenylpyruvylamino 

Acids  (p-Hydroxyphenylpyruvic  Acid  Peptides) 
and  of  its  3,5-Diiodinated  Congeners 

Principal  Investigator:   Rans  J.  Cahnmann,  Ph.  D. 

Other  Investigators:   Tetsuo  Shiba,  Ph.  D. 

Cooperating  Units:  none 

Man  Years  (calendar  year  1960): 
Total:   5/6 
Professional:  ^/6 
Other:   none 

Project  Description: 

Subject;  Various  new  approaches  for  the  sjmthesis  of  these 
compounds  have  been  investigated.   The  mechanism  of  one  of  these 
methods  has  been  studied. 

Motivation;   These  peptide- like  substances  in  which  a  keto 
acid  is  linked  to  an  amino  acid  are  needed  for  Project  I.  They 
are  also  of  general  biological  interest.  The  few  methods  described 
in  the  literature  for  their  synthesis  give  only  poor  yields. 

Experimental:   The  following  synthetic  methods,  widely  used 
in  the  synthesis  of  peptides,  were  investigated:  Mixed  anhydride 
method,  phorphorous  oxychloride  method,  active  ester  method,  dicyclo- 
hexylcarbodiimid  (DCCD)  method  and  two  modifications  of  the  azlactone 
method,  one  involving  the  use  of  trif luoroacetic  anhydride  and/or 
trifluoroacetate,  the  other  one  involving  the  reaction  of  p-hydroxy- 
phenylpyruvic  acid  (HPPA)  with  carbobenzyloxamide.  While  the  latter 
method  appears  to  be  promising,  none  of  the  other  methods  leads  to  the 
desired  keto  acid  peptides.   The  failure  of  the  DCCD  method  to  give 
the  desired  products  was  shown  to  be  due  to  the  high  reactivity  of  the 
enolic  hydroxyl  of  the  HPPA.  This  hydroxyl  group  reacts  with  DCCD 
as  well  as  does  the  carboxyl  group.  The  products  thus  formed  do  not 
react  further  with  the  amino  acid  present  in  the  reaction  mixture. 
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The  nature  of  these  reaction  products  has  been  investigated. 

Conclusion:   The  reaction  of  HPPA  with  carbobenzyloxamide  is 
promising  and  will  be  further  investigated.  The  other  methods  appear 
to  be  promising  only  if  the  enolic  hydroxyl  of  the  HPPA  is  blocked 
by  a  protecting  group. 


Part  B  included      Yes/ i     No/  X  / 
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Part  A  —  III 


Project  Title:   Synthesis  of  Analogs  of  Thyroxine 

Principal  Investigator:   Hans  J.  Cahnmann,  Ph.  D. 

Other  Investigators:   Annemarie  Hoefer,  Ph.  D. 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:   2/3 
Professional:   2/3 
Other:  none 

Project  Description: 

Subject:   Various  new  analogs  of  thyroxine  (T,)  have  been 
synthesized. 

Motivation;   Some  of  these  analogs  have  been  synthesized 
because  they  were  needed  as  reference  substances  in  another  project. 
All  of  them  are  needed  for  a  comprehensive  study  of  the  relationship 
between  structure  and  biological  activity  of  the  thyroid  hormones. 
Analogs  of  T,  in  which  either  the  position  or  the  structure  of  the 
alanine  side  chain  is  altered  may  be  thyromineCLc  agents  or  T, -antagonists. 

Experimental:   The  synthesis  of  the  tri-  and  tetraiodo-2- 
carboxythyropropionic  acids  already  mentioned  in  last  year's  report 
has  been  improved.   The  corresponding  2-carbethoxy  compounds 


i,  X      J 


^oc^H^ 


have  now  also  been  synthesized. 

Partial  syntheses  of  the  following  analogs  of  T,  have  been 
carried  out: 
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CH^-CH  -COOH 


NH. 


) 


HO^O^I 


Iv_/^^2--fH-^0<5« 


NH, 


Work  for  the  completion  of  these  syntheses  is  in  progress. 

An  unsuccessful  attempt  to  prepare  a  hindered  analog  of  T, 
led  to  the  synthesis  of  3,5-di-t-butyl-4-hydroxyacetophenone 


\S-C  -C-H- 


ft 

o 


(  --"  =  t-butyl) 


which  is  of  interest  because  it  can  be  oxidized  to  a  stable  free 
radical . 

Conclusion;   The  2-carboxy  and  -carbethoxy  analogs  of  T, 
have  the  tendency  to  lose  carbon  dioxide  and  thus  to  be  converted 
to  the  corresponding  propionic  acid  or  ester  analogs.  The  results 
of  the  bioassays  will  be  reported  later. 


Part  B  included 


Yes/   / 


No/X  / 


2  (4c) 
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Serial  No.   NIAMD/CEB  5c 

1.  Clinical  Investigations 

2.  Clinical  Endocrinology  Branch 

3.  Bethesda 

PHS-NIH 
Individual  Project  Report 
Calendar  Year  1960 

Part  A 

Project  Title:   Physical  Chemistry  of  Proteins 

Principal  Investigator:   Harold  Edelhoch,  Ph.  D. 

Other  Investigators:   Roland  E.  Lippoldt 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:   2 
Professional:   1 
Other:   1 

Project  Description: 

The  internal  rigidity  of  thyroglobulin  has.  been  measured 
by  the  polarization  of  fluorescence  technique  (in  collaboration  with 
Dr.  R.  F.  Steiner  of  the  Naval  Medical  Research  Institute).   For  this 
purpose,  thyroglobulin  was  conjugated  to  dimethylamino  napthalene 
sulfonyl  chloride.  The  polarization  of  the  fluorescent  conjugate  was 
studied  as  a  function  of  pH,  detergent,  urea  and  guanidine  concentration. 
These  observations  were  correlated  with  hydrodynamic  measurements 
which  had  been  previously  obtained  under  similar  experimental  conditions. 
In  this  way,  one  can  obtain  a  simultaneous  measure  of  the  translational 
and  rotational  kinetic  behavior  of  the  protein.  Differences  in  the 
diffusional  constants  obtained  by  these  two  procedures  provide  a  mean- 
ingful measure  of  the  internal  rigidity  of  the  protein. 

It  has  been  postulated  that  thyroxine  is  formed  by  the  conden- 
sation of  two  molecules  of  DIT  in  thyroglobulin.   In  addition,  thyro- 
globulin is  essentially  unique  amongst  mammalian  proteins  being  readily 
iodinated  Jji  vivo  to  form  iodoamino  acids.  We  have  shown  earlier  that 
most  of  the  phenolic  hydroxyl  groups  of  tyrosine  are  ionized  at  pH 
values  somewhat  more  alkaline  than  normal.  However  in  8M  urea,  and 
in  dilute  detergent  solutions,  they  appear  to  ionize  normally.  We 
have  observed  a  similar  spectnmi  of  activity  in  the  behavior  of  thyro- 
globulin towards  iodination.   In  water,  at  pH  9,  only  relatively  small 
amounts  of  iodine  are  incorporated  into  tyrosine.   In  8M  urea  or 
detergents,  all  the  tyrosyl  groups  appear  to  be  equally  reactive 
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towards  iodine.  We  are  in  the  process  of  analyzing  the  ultraviolet 
absorption  curves  of  iodinated  thyroglobulin  in  terms  of  its  tyrosine, 
MIT  and  DIT  composition. 

Recently  we  have  observed  a  third  type  of  tyrosyl  group 
constituting  about  15%  of  the  total.  These  tyrosyl  groups  begin  to 
ionize  above  pH  ~12.5  and  their  rates  may  be  followed  spectrophoto- 
metrically.   Concomittant  with  the  appearance  of  these  new  groups, 
further  changes  in  molecular  size  appear  to  occur  in  0.5M  KOH.  A 
fairly  symmetrical  boundary  is  observed  in  the  ultracentrifuge  with 
a  sedimentation  constant  of  about  6.  This  is  the  minimum  size  that 
has  been  observed  until  now  in  aqueous  media. 


Part  B  included       Yes  /X  /   No  /  / 


2  (5c)  ^^^ 
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PHS-NIH 
Individual  Project  Report 
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Publications  other  than  abstracts  from  this  project: 

1.  Edelhoch,  H.;  The  Denaturation  of  Pepsin; 
Biochim.  Biophys.  Acta;  38;  113;  1960. 

2.  Edelhoch,  H;   The  Properties  of  Thyroglobulin,  I; 
J.  Biol.  Chem;  235;  1326;  1960. 

3.  Edelhoch,  H.,  Lippoldt,  R.  E.;  The  Properties  of 
Thyroglobulin,  II.;  J.  Biol.  Chem;  235;  1335;  1960. 

4.  Rail,  J.  E.,  Robbins,  J.  and  Edelhoch,  H.;  lodo- 
proteins  in  the  Thyroid;  Ann.  N.  Y.  Acad.  Sciences; 
86;  373;  1960. 

5.  Rayman,  L;  Grisolia,  S;  and  Edelhoch,  H.;  Further 
Purification  and  Properties  of  Brain  Acyl  Phosphatase; 
J.  Biol.  Chem;  235;  2340;  1960. 

6.  Edelhoch,  H.;  The  Properties  of  Thyroglobulin,  III; 
J.  Phys.  Chem;  Dec,  1960. 

7.  Edelhoch,  H.  and  Lippoldt,  R.  E.;  The  Optical  Rotatory 
and  Viscometric  Properties  of  a-poly-D-glutamate; 
Biochim.  Biophys.  Acta;  Dec,  1960. 

Honors  and  Awards  relating  to  this  project:   none 
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PHS-NIH 
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Part  A 

Project  Title:   Studies  in  Carbohydrate  Metabolism 

Principal  Investigator:   James  B.  Field,  M.  D. 

Other  Investigators:   Ira  Pastan,  M.  D.,  Hibbard  Williams,  M.  D., 
Samuel  Barondes,  M.  D.,  Harry  Keen,  M.  D., 
Phyllis  Johnson  and  Betty  Herring. 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:   4 

Professional:   2  1/2 
Other:   1  1/2 

Project  Description: 

Studies  initiated  last  year  on  the  pathways  of  carbohydrate 
metabolism  in  endocrine  tissue,  especially  the  thyroid  have  progressed 
further.   It  has  been  demonstrated  that  TSH,  acetylcholine,  epinephrine 
and  nor- epinephrine,  and  serotonin,  all  stimulate  glucose  oxidation 
in  thyroid  slices.  While  the  first  two  substances  act  at  physiologic 
concentrations,  the  latter  two  are  effective  only  at  a  concentration 
of  0.1  mg/ml,   TSH  was  active  within  5  minutes  and  at  a  concentration 
of  3.4  X  10"^  M.   It  was  the  only  pituitary  hormone  capable  of 
producing  this  effect.  The  mechanism  of  action  of  TSH  and  acetyl- 
choline are  different  since  atropine  inhibits  the  latter  but  not  the 
former.  Although  they  both  increase  glucose  uptake  this  is  probably 
not  their  primary  action.   TSH  increases  the  TPN  levels  in  the  thyroid 
slice  and  there  is  a  concomittant  decrease  in  DPN  levels  suggesting 
a  conversion  of  DPN  to  TPN.   The  elevated  TPN  levels  do  not  seem  to 
be  due  to  increased  oxidation  of  TPNH  since  TPNH  levels  in  thyroid 
slices  did  not  change  and  TSH  was  inactive  in  stimulating  TPNH  oxidation 
by  thyroid  mitochondria  and  microsomes  whereas  both  serotonin  and 
epinephrine  did  accelerate  TPNH  oxidation.  Moniodotyrosine  and  diodo- 
tyrosine  also  stimulated  glucose  oxidation  presumably  as  a  result  of 
TPN  generation.   TSH  stimulated  oxidation  of  pyruvate  and  acetate  in 
thyroid  slices.  Thyroid  glands  from  guinea  pigs  injected  with  TSH 
oxidized  more  glucose  than  did  thyroids  from  saline  injected  animals. 
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Furthermore  it  has  been  shown  that  the  hexose  monophosphate  pathway 
is  also  present  in  adrenal,  ovary,  testis,  pituitary  and  parathyroid. 
In  none  of  these  tissues  was  it  possible  to  demonstrate  any  effect  of 
the  appropriate  pituitary  trophic  hormones. 

It  has  also  been  possible  to  demonstrate  an  iii  vitro  effect 
of  prolactin,  growth  hormone  and  ACTH  on  glucose  oxidation  and 
glucose  uptake  in  rat  lactating  mammary  glands.   It  was  found  that 
glands  obtained  toward  the  end  of  lactation  were  more  responsive 
and  as  little  as  5  |ig  or  5  mu  of  the  hormones  were  effective.   This 
effect  was  evident  within  15  minutes  of  incubation  and  could  not  be 
explained  on  the  basis  of  adipose  tissue  which  might  be  present. 
More  recently  it  has  been  demonstrated  that  serotonin,  epinephrine 
and  nor- epinephrine  at  concentrations  of  5.0  x  10~"M  stimulate  glucose 
oxidation  by  anterior  pituitary  slices.  These  effects  are  also 
present  as  early  as  15  minutes  and  are  not  observed  in  other  tissues 
such  as  testes  or  liver.  Acetylcholine  posterior  pituitary  and  hypo- 
thalamic extracts  did  not  stimulate  glucose  oxidation  in  anterior 
pituitary  slices. 

Three  more  islet  cell  tumors  have  been  studied  in  vitro  as  well 
as  the  isolated  islets  of  the  toadfish.   Evidence  for  the  existence 
of  the  hexose  monophosphate  pathway  was  obtained  in  islet  tumors  and 
the  normal  islet  of  the  fish.   In  the  tumors  it  was  found  that  alloxan 
did  not  influence  glucose  oxidation  nor  did  insulin  increase  glucose 
uptake.   In  the  fish,  islet  tissue  oxidized  glucose  more  rapidly  (on 
mg  for  mg  basis)  than  either  liver  or  heart.   It  has  been  demonstrated 
that  two  patients  with  islet  cell  tumors  developed  hypoglycemia  when 
given  leucine  orally  but  not  following  other  amino  acids.   In  one  of 
these  patients  leucine  in   vitro  seemed  to  stimulate  glucose  oxidation 
in  tumor  slices.   Orinase,  which  also  produced  hypoglycemia  in  the 
patient  with  an  islet  cell  tumor,  appeared  to  increase  glucose  oxidation 
when  tumor  slices  were  incubated  with  it  in   vitro. 

Using  the  isolated  rat  hemi- diaphragm  to  measure  insulin  and 
insulin- like  activity,  it  has  been  possible  to  demonstrate  that 
extracts  of  two  of  three  non-islet  cell  malignant  tumors  associated 
with  hypoglycemia  contain  something  which  increases  glucose  uptake. 
With  one  of  the  extracts  there  was  also  a  stimulation  of  glycogen 
deposition  and  this  effect  was  partially  blocked  with  insulin  antibody 
plasma.   Studies  are  in  progress  to  confirm  the  presence  of  insulin 
in  these  tumors.   Insulin  antagonist  has  been  demonstrated  in  the 
plasma  of  several  more  patients  with  chronic  insulin  resistance.  Pre- 
liminary studies  indicate  that  although  successful  steroid  therapy 
reduces  the  titer  of  the  insulin  antagonist,  it  does  not  influence 
the  rate  at  which  insulin-1^31  leaves  the  circulation  nor  the  insulin- 
binding  capacity  of  the  plasma.   Exploratory  studies  suggest  that  there 
may  be  something  in  the  plasma  of  diabetic  patients  at  a  time  when  they 
are  uncontrolled  which  inhibits  glucose  uptake  by  normal  dog  retina. 
This  factor  is  not  present  in  non-diabetics  nor  diabetics  when  their 
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blood  sugar  is  normal. 

An  assay  for  phosphorylase  in  leucocytes  has  been  developed 
and  the  activity  of  this  enzyme  was  found  to  be  low  in  two  brothers 
with  glycogen  storage  disease  whose  livers  were  found  to  be  deficient 
in  phosphorylase.   The  levels  of  glycogen  in  the  leucocytes  of  these 
two  patients  tended  to  be  high  while  low  levels  of  glycogen  were 
found  in  two  siblings  with  Hurler's  disease. 


Part  B  included       Yes  /X  / 
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A.  N.;  Evidence  for  the  hexose  monophosphate  pathway 
for  glucose  metabolism  in  human  pancreatic  p-cells,; 
Nature;  185:468;  1960. 

3.  Field,  J.  B.,  Pastan,  I.,  Johnson,  P.,  and  Herring, 
B.;  Stimulation  J^  vitro  of  pathways  of  glucose 
oxidation  in  thyroid  by  thyroid  stimulating  hormone; 
J.  Biol.  Chem;  235:1863;  1960. 

4.  Field,  J.  B.;  Effect  of  humoral  and  tissue  factors 
on  insulin  action;  Diabetes;  9:245;  1960. 

5.  Field,  J.  B.;  Insulin  resistance;  J.  Mich.  State  Med. 
Soc;  59:1524;  1960. 

6.  Field,  J.  B.,  Pastan,  I.,  Herring,  B.,  and  Johnson, 
P.;  Studies  of  pathways  of  glucose  metabolism  in 
endocrine  tissues;  Endocrinology;  in  press. 

7.  Field,  J.  B.,  and  Johnson,  P.;  The  effect  of  insulin 
on  D-xylose  disappearance  in  diabetic  patients;  J. 
Applied  Physiology;  in  press. 
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4  (6c)  ^GU 


Serial  No.  NIAMD/CEB  7c 

1.  Clinical  Investigations 

2.  Clinical  Endocrinology  Branch 

3.  Bethesda 


PHS^NIH 
Individual  Project  Report 
Calendar  Year  1960 


Part  A 


Project  Title:   Studies  of  Labeled  Protein  Metabolism  and 
of  Thyroid  Physiology 

Principal  Investigator:   Charles  G.  Lewallen,  M.  D. 

Other  Investigators:   Louis  Bunce 

Man  Years  (calendar  year  1960): 
Total:   2 
Professional:   1 
Other:   1 

Project  Description:  ^ 

Investigational  efforts  have  been  directed  along  three 
principal  lines: 

1.  We  have  previously  observed  occasional  double  zoning  of 
monoiodotyrosine  during  paper  chromatography  with  butanol-ammonia 
developer.   This  phenomenon  could  be  consistently  reproduced  by 
incorporating  certain  metallic  cations  in  the  starting  zone.   In 
additional  studies  the  effects  of  a  considerable  number  of  sodium 
salts  were  systematically  investigated.  Three  anions  were  found  which 
in  low  concentration  consistently  produced  the  phenomenon  while  all 
others  tested  were  without  effect.   It  has  not  been  possible  to  deter- 
mine the  mechanism  of  this  double  zoning. 

2.  Serial  hematologic  findings  have  been  studied  in  a  case 
of  radioactive  iodine  treated  metastatic  thyroid  cancer  terminating 
fatally  in  acute  "aleukemic"  myelogenous  leukemia — a  total  of  805 
millicuries  of  I^^l  ^^q   administered  over  a  period  of  3  years.  The 
therapies  were  characterized  by  high  values  for  tumor  uptake  and  for 
isotope  blood  levels.  Total  estimated  radiation  dose  to  bone  marrow 
was  1600  rads,  to  tumor  53,500  rads.  For  the  most  part  blood  lympho- 
cytes and  polymorphonuclear  leukocytes  remained  below  pretreatment 
levels.   Individual  doses  were  followed  by  granulocytopenia,  lympho- 
penia, and  in  some  instances  by  thrombocytopenia.   Immature  granulo- 
cytes first  appeared  in  the  blood  2  years  after  beginning  of  treatment 
and  1  year  prior  to  the  onset  of  clinical  symptcms  of  leukenia.  One 
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hematologic  feature  of  note  was  the  presence  of  an  increased  percentage 
of  basophilic  leukocytes  in  the  blood  prior  to  the  establishment  of 
clinical  symptoms  of  leukemia  or  of  a  leukemic  blood  picture.   Similar 
findings  were  reported  in  cases  of  leukemia  developing  in  the  Japanese 
exposed  to  the  atomic  bomb  explosion. 

3.  One  of  the  principal  problems  encountered  in  the  attempt  to 
resolve  iodinated  thyronines  by  high  voltage  paper  electrophoresis  is 
the  limited  solubility  of  these  compounds  in  predominantly  aqueous 
buffers.   The  problem  of  obtaining  migration  of  easily  detectable  quan- 
tities of  these  compounds  (because  of  limited  solubility)  is  further 
magnified  by  the  desirability  of  keeping  the  buffer:  paper  ratio  on  the 
low  (dry)  side  (to  reduce  generation  of  heat) .  With  these  considerations 
in  mind  the  high  voltage  electrophoretic  behavior  of  thyroxine  and  tri- 
iodothyronine was  investigated  in  a  number  of  organic  solvents  of  rela- 
tively high  dielectric  constant  and  relatively  low  viscosity  and  in  which 
these  compounds  were  readily  soluble.  The  proportion  of  water  was  kept 
either  at  zero  or  low  enough  to  insure  adequate  solubility.  Trial  iruns 
were  made  in  acid  and  basic  pH  ranges.  At  least  3  systems  were  found 
in  which  easily  detectable  quantities  of  these  compounds  showed  good 
mobility  and  complete  resolution  as  sharp  zones: 


(a)  Non  aqueous  formamide  buffered  with  glycine  • 

(b)  50%  pyridine,  507„  aqueous  3N  NH.OH 

(c)  50%  dimethylformamide,  50%  aqueous  3N  NH^OH. 


NaOH 
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Part  A 


Project  Title:   Immunologically  Active  Thyroglobulin  Fragments 

Principal  Investigator:   Henry  Metzger,  M.  D. 

Other  Investigators:   Gordon  Sharp,  M.  D.  (NCI) 

Cooperating  Units:   None 

Man  Years  (calendar  year  1960): 
Total:   1  1/3 
Professional:   1  1/3 
Other:   none 

Project  Description: 

During  the  first  eight  months  the  studies  on  the  molecular 
configuration  of  native  and  denatured  thyroglobulin  were  completed  in 
cooperation  with  Dr.  Edelhoch,  During  the  past  four  months  studies  were 
begun  on  the  enzymatic  hydrolysis  of  thyroglobulin.   It  was  discovered 
that  a  fully  hydrolyzed  preparation  retained  the  ability  to  precipitate 
rabbit  antibodies  to  whole  thyroglobulin  as  determined  by  the  Ouchter- 
lony  gel  diffusion  technique.  We  are  now  engaged  in  trying  to  isolate 
the  active  fragments.  This  work  is  being  done  in  conjunction  with  Dr. 
Gordon  Sharp  of  the  National  Cancer  Institute. 

We  have  found  that  with  various  enzymes  19  s-calf  thyroglobulin 
is  rapidly  degraded  to  a  mixture  of  components  with  an  average  sedimen- 
tation coefficient  of  3-4.  No  higher  molecular  weight  intermediates 
are  formed  during  proteolysis.  On  prolonged  hydrolysis  the  3-4  s  coti- 
ponents  are  broken  down  to  still  small  fragments.  With  complete  hydro- 
lysis dialyzable  fragments  are  obtained  which  though  having  minimal  capa- 
city to  precipitate  rabbit  antibodies,  are  able  to  inhibit  the  precipi- 
tation of  whole  thyroglobulin  with  antiserimi,  and  which  give  a  positive 
passive  cutaneous  anaphylaxis  reaction. 

We  have  begun  to  fractionate  the  active  components  using  various 
sephadex  preparations  and  dialysis  through  a  collodion  membrane.  These 
active  components  seem  to  have  a  molecular  weight  below  10,000. 
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During  the  course  of  this  work  a  very  simple  method  was  developed 
for  the  purification  of  anti-thyroglobulin  antibodies.  Advantage  is 
taken  of  the  insolubility  of  thyroglobulin  at  acid  pH  for  eluting  the 
antibody  and  50-60%  yields  of  ultracentrifugally  pure  and  fully  potent 
antibody  have  been  obtained. 


Part  B  included      Yes  ]__!_       No  /X  / 
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Project  Title:   Studies  on  the  Mechanism  of  Action  of  Insulin 
on  Liver 

Principal  Investigator:   Glenn  E.  Mortimore,  M.  D. 

Other  Investigators:   Nancita  Lomax 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:  1  1/2 
Professional:  1/2 
Other:   1 

Project  Description: 

Objectives:   Owing  to  a  lack  of  agreement  among  many  previously 
published  studies,  no  direct  effect  of  insulin  on  carbohydrate  meta- 
bolism in  the  isolated  liver  has  yet  been  established.   Since  an  inter- 
relationship between  glucose  uptake  (and  glycogen  synthesis)  and  KT*" 
movement  into  tissue  cells  has  been  proposed,  a  study  was  designed  to 
specifically  determine  whether  insulin  can  evoke  a  net  shift  of  K+ 
between  the  liver  cell  and  extracellular  fluid. 

Methods  Employed:   Net  changes  in  liver  K  were  readily 
estimated  by  measuring  serum  K  fluctuations  during  the  cyclic  per- 
fusion of  the  isolated  rat  liver.   Serum  and  liver  K  were  determined 
by  flame  photometry  and  liver  water  determined  by  drying  liver  segments 
to  constant  weight. 

Major  Findings:    During  control  perfusions  lasting  60  minutes 
about  40  pinoles  (7. 57=)  of  liver  K"*"  were  released  into  the  perfusate. 
The  addition  of  insulin  in  maximal  amounts  virtually  abolished  this 
release  and  a  minimal  effect  could  be  elicited  with  insulin  concen- 
trations as  low  as  1.2  -  3.0  x  10"^^  M.  Analysis  of  liver  tissue  at 
the  termination  of  the  perfusions  revealed  that  the  loss  of  K"^  was 
accompanied  by  a  proportional  loss  of  liver  mass,  mostly  water.  No 
lowering  of  liver  K"*"  concentration  was  observed.  Thus,  insulin  appeared 
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to  effect  a  retention  of  water  as  well  as  K  .   There  was  no  significant 
effect  of  insulin  on  the  net  hepatic  release  of  glucose. 

^    Significance  to  NIAMD  Research;   Since  the  inhibition  of  hepatic 
K  release  was  obtained  with  physiological  levels  of  insulin,  it  is 
reasonable  to  assume  that  such  an  action  represents  a  normal  insulin 
effect  in  the  intact  animal.   It  is  hoped  that  the  results  of  this 
study  will  stimulate  further  investigations  in  an  attempt  to  delineate 
a  mechanism  of  action  of  insulin  in  the  mammalian  liver. 

Proposed  Course  of  Project:   Since  estimations  of  glycogen  changes 
in  the  above  study  were,  for  technical  reasons,  not  satisfactory,  it 
is  proposed  to  obtain  a  more  definitive  correlation  between  liver  glyco- 
gen and  iC"".   Both  glucagon  and  epinephrine  are  known  to  cause  a  transient 
hepatic  release  of  K+.  How  this  effect  is  related  to  their  known 
glycogenolytic  activities  is  a  fascinating  question  which  bears  a  super- 
ficial resemblance,  in  reverse,  to  the  insulin  problem.   It  is  proposed 
to  study  the  interaction  of  these  hormones  on  K'^  transport  in  an  attempt 
relate  K"*"  movement  to  glycogen  storage. 


Part  B  included       Yes/   /   No /  X  / 
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Project  Title:   Studies  on  the  Metabolism  of  Insulin  and  Insulin 
Derivatives  by  Mammalian  Tissues 

Principal  Investigator:   Glenn  E.  Mortimore,  M.  D. 

Other  Investigators:   Frank  Tietze,  M.  D.  (NIAMD/LBM) 

Cooperating  Units:   none 

Man  Year  (calendar  year  1960): 
Total:   1 

Professional:   1/2  and  1/2 
Other:   none 

Project  Description: 

Objectives:   Previous  studies  in  this  project  have  indicated 
that  the  initial  step  in  the  removal  of  insulin-I''-^-'-  from  circulation 
by  the  liver  is  its  binding  to  a  specific  site  on  or  within  the  liver 
cell.   In  order  to  define,  anatomically,  this  site  of  binding  a  fluores- 
cent derivative  of  insulin  was  prepared  which,  it  is  hoped,  will  permit 
the  direct  visualization  of  insulin  by  fluorescence  microscopy. 

Methods  Employed:   The  reaction  of  crystalline  insulin  with 
fluorescein  isothiocyanate  under  prescribed  conditions  yields  an 
insulin  derivative  with  one  or  more  of  the  fluorescein  groups  coupled 
to  the  free  amines.   The  extent  of  coupling  has  been  estimated  by 
appropriate  chemical  and  electrophoretic  determinations.   Its  optical 
activity  was  assessed  by  absorptive  and  emission  spectrophotometry. 
The  hypoglycemia  activity  of  the  derivative  was  compared  with  crystal- 
line insulin  by  means  of  a  rabbit  assay. 

Major  Findings:   A  derivative  was  prepared  which  had  the 
characteristic  photo  emission  of  fluorescein.  Chemical  and  electro- 
phoretic data  indicated  that  it  contained  about  1.25  fluorescent  groups 
per  molecule  of  protein.   Its  hypoglycemic  activity  was  about  607c  of 
crystalline  insulin  and  there  was  no  evidence  of  any  unreacted  insulin 
present.   Virtually  all  unreacted  fluorescent  material  had  been  removed 
by  dialysis.   Preliminary  tissue  studies  indicated  that  rat  leukocytes, 
but  not  red  cells,  strongly  bind  the  derivative. 
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Significance  to  NIAMD  Research:   Knowledge  concerning  the 
initial  site  of  binding  would  serve  to  illuminate  the  general  problem 
of  how  macromolecules  enter  cells.   Since  an  insulin  effect  has  been 
demonstrated  in  liver,  identification  of  loci  of  binding  might  help 
to  clarify  the  mechanism  of  the  effect.   Such  a  derivative  might  also 
be  useful  in  differentiating  insulin  responsive  from  non-responsive 
cells. 

Proposed  Course  of  Project:   Once  facilities  are  available,  it 
is  proposed  to  perfuse  the  cooled  rat  liver  with  the  fluorescent 
insulin  derivative,  section  the  tissue  and  examine  under  fluorescence 
microscopy.   By  lowering  the  temperature  of  the  perfusate  it  is 
possible  to  effectively  block  the  metabolism  of  insulin  immediately 
after  its  binding,  this  preventing  degradation. 


Part  B  included       Yes  / /   No  /X  / 
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Project  Title:   Studies  in  the  Carbohydrate  Metabolism  of 
Endocrine  Tissues. 

Principal  Investigator:   Ira  Pastan,  M.  D. 

Other  Investigators;:  James  B.  Field,  M.  D.,  Betty  Herring,  and 
Phyllis  Johnson. 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:  2  1/2 
Professional:   1  1/2 
Other:   1 

Project  Description: 

Last  year  it  was  shown  that  thyroid  stimulating  hormone  (TSH) 
in  vitro  stimulated  the  oxidation  of  glucose- 1-C^^  and  glucose-6-Cl^ 
to  Cl^O„  by  thyroid  slices,  although  the  oxidation  of  glucose-1-C^^ 
exceeded  that  of  glucose-6-C^^.   TSH  is  active  five  minutes  after  addi- 
tion.  It  is  effective  at  a  concentration  of  3.4  x  10"^^  Molar  which 
is  within  the  physiological  range.  TSH  causes  an  increase  in  triphos- 
phopyridine  nucleotide  (TPN)  levels  of  thyroid  and  a  concomittant  fall 
in  DPN  levels,  suggesting  that  DPN  is  converted  to  TPN.   TPNH  and  DPNH 
levels  are  not  significantly  changed  by  TSH.   It  is  probable  that  the 
changes  in  glucose  oxidation  are  secondary  to  changes  in  nucleotide 
levels.   To  date  no  effects  have  been  demonstrated  in  cell  free  systems. 
Thyroid  glands  from  guinea  pigs  injected  with  TSH  oxidize  more  glucose 
than  thyroids  from  saline  injected  animals. 

Physiologic  concentrations  of  acetyl  choline  (in  the  presence 
of  eserine)  also  stimulate  the  oxidation  of  glucose  by  thyroid  slices 
in  vitro.   C^  and  C^  labelled  glucose  are  equally  stimulated  and  glucose 
uptake  is  increased.   Since  atropine  inhibits  the  acetyl  choline  effect 
but  does  not  alter  the  TSH  effect,  the  mechanism  of  action  of  these 
substances  appears  to  differ.   Iodide  partially  inhibits  the  acetyl 
choline  stimuation,  but  methyl  mercoptoimidozole  and  perchlorate  are 
without  effect. 
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Epinephrine  and  serotonin  stimulate  glucose  oxidation  by 
thyroid  slices.   In  cell  free  systems  fortified  with  TPNH,  these 
substances  also  are  stimulatory  and  this  appears  to  be  due  to  a 
stimulation  of  the  oxidation  of  TPNH  to  TPN  which  allows  more  glucose 
to  be  oxidized,  by  the  hexose  monophosphate  pathway.  Monoiodotyrosine 
and  diiodotyrosine  also  slightly  stimulate  glucose  oxidation  by  thyroid 
slices  presumably  by  TPN  generation  from  TPNH.  TSH  also  stimulates 
the  oxidation  of  pyruvate  and  acetate  by  the  thyroid  in  vitro. 


Part  B  included     Yes  /  X  /  No  / / 
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Individual  Project  Report 
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Part  B    Honors,  Awards  and  Publication 

Publications  other  than  abstracts  from  this  project: 

1.  Pastan,  I.,  Field,  J.  B.,  and  Weinberg,  A.  N.; 
Hormonal  Control  of  Pathways  of  Glucose  Oxidation  in 
Endocrine  Tissues;  Abstract;  41st  Meeting;  Endocrine 
Society;  58,  1960. 

2.  Pastan,  I.:   The  Function  of  Isolated  Thyroid  Cells; 
Endocrinology;  In  Press. 

3.  Pastan,  I.,  Herring,  B.,  Johnson,  P.,  and  Field,  J.  B.; 
In  Vitro  Stimulation  of  Glucose  Oxidation  in  Thyroid 
by  Acetylcholine;  Journal  of  Biological  Chemistry;  In 
Press. 

Honors  and  Awards  relating  to  this  project:   none 
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Project  Title:   lodoamino  Acid  Metabolism 

Principal  Investigator:   J.  E.  Rail,  M.  D.,Ph.  D. 

Other  Investigators:   R.  Pitt  Rivers,  M.  D.,  Mirene  Standaert 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:   3 
Professional:   1 
Other:   2 

Project  Description: 

The  monoiodotyrosine  and  triiodothyronine  content  of  the 
thyroid  gland  have  never  been  assayed  nor  has  the  triiodothyronine 
content  of  blood.  A  method  of  isotope  equilibrium  was  utilized  to 
obtain  levels  of  these  compounds.   The  validity  of  this  method  was 
confirmed  by  the  agreement  of  calculated  and  analytical  values  of  thyroid 
and  blood  iodine. 

The  molar  ratios  of  MIT,  DIT,  T, ,  and  T-  in  the  thyroid  were 
9.3,  15,  5.3,  and  1.0  respectively.   In  the  blood  thyroxine  accounted 
for  about  95%  of  the  organic  iodine  and  triiodothyronine  for  47o. 
Taking  into  account  the  volumes  of  distribution  and  rates  of  degradation 
of  T,  and  T_,  it  appeared  that  all  the  T_  was  derived  from  the  thyroid. 
Furthermore  it  was  shown  that  (in  the  rat)  almost  half  the  metabolic 
activity  of  the  thyroidal  secretions  came  from  triiodothyronine. 


Part  B  included       Yes  /  X  7   No/ / 
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Calendar  Year  1960 

Part  B      Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

1.  Haddad,  H.  M.,  and  Rail,  J.  E.:   Purification  of  Thyroid 
Protease  by  Cellulose  Column  Chromatography;  Endocrin- 
ology; 1960. 

2.  Rail,  J.  E.;  Treatment  of  Thyroiditis  in  Current  Therapy; 
W.  B.  Saunders;  Philadelphia;  1960. 

3.  Haddad,  Heskel  M.;  Studies  on  Thyroid  Hormone  Metabolism 
in  Children;  Journal  of  Pediatrics;  57;  391-398;  Sept. 
1960. 

131 

4.  Haddad,  Heskel  M  ;  Rates  of  I    Labeled  Thyroxine  Meta- 
bolism in  Euthyroid  Children;  Journal  of  Clinical  Investi- 
gation; 39;  1590-1954;  Oct.  1960. 

5.  Pitt-Rivers,  R.  and  Rail,  J.  E.;  Radioiodine  Equilibrium 
Studies  of  Thyroid  and  Blood;  Endocrinology,  In  Press. 

6.  Rail,  J.  E.,  Dobzhansky,  Th.,  Hempelmann,  Louis  H. ,  Jr., 
Laughlin,  J.  S.,  and  Morgan,  Russell  H;  The  Radiation 
Hazard,  Bulletin  of  the  N.  Y.  Academy  of  Medicine,;  36; 
804-825;  December,  1960. 

Honors  and  awards  related  to  this  project:  none 
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Project  Title:   lodoproteins  of  the  Thyroid  Gland  and  Thyroxine- 
binding  Proteins  of  Serum. 

Principal  Investigator:   Jacob  Robbins,  M.  D. 

Other  Investigators:   J.  E.  Rail,  M.  D.,  Ph.  D. 
D .  Jermany 
B.  S.  Blumberg  (ARB/NIAMD) 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
Total:   3 

Professional:   1  1/2 
Other:   11/2 

Project  Description: 

Chromatography  of  thyroglobulin  on  diethylaminoethyl  cellulose 
(DEAE-c)  was  studied  as  a  possible  means  of  preparing  thyroglobulin 
in  a  more  highly  purified  from  than  is  possible  by  present  methods. 
The  DEAE-c  was  found  to  retain  less  thyroglobulin  than  is  the  case 
with  many  other  proteins.  After  retention,  beef  thyroglobulin  could  be 
eluted  by  solvents  of  increasing  ionic  strength  at  approximately 
enutral  pH.   Gradient  and  stepwise  elution  experiments  demonstrated 
that  at  least  three  components  could  be  spearated,  on  the  basis  of 
chromatographic  behavior,  from  what  was  previously  thouglt  to  be  homo- 
genous thyroglobulin  with  sedimentation  coefficient  of  about  S_»   = 
19S.   Preliminary  studies  have  not  disclosed  the  chemical  basis 
for  this  heterogeneity,  and  this  is  now  the  subject  of  further  investi- 
gation.  The  previously  known  contaminants  of  thyroglobulin  which  are 
characterized  by  more  rapid  sedimentation  in  the  ultracentrifuge  were 
found  only  in  the  thyroglobulin  fraction  eluted  at  the  highest  ionic 
strength. 

In  the  course  of  this  work,  a  simple  method  was  required  for 
detecting  non- radioactive  iodine  in  the  column  eluates.  An  indicator 
paper  sensitive  to  minute  quantities  of  iodine  was  developed.   It  is 
based  on  the  catalytic  effect  of  iodide  on  the  oxidation-reduction 
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4+  3+ 

reaction  between  eerie  (Ce  )  and  asenious  (As  )  ions  and  employed 

£!l-phenanthroline-f errous  sulfate  as  an  oxidation-reduction  indicator. 

The  paper  reacts  with  iodophenols  due  to  deiodination  by  strong  acid, 

and  will  detect  iodine  in  thyroglobulin  without  prior  treatment  of  the 

test  sample.  A  positive  reaction  (change  from  green  to  bright  orange) 

is  obtained  with  solutions  containing  0.1  iig  Nal  per  ml,  0.5  ug  diiodo- 

tyrosine  per  ml  or  3  ug  thyroxine  per  ml. 

An  indicator  spray  employing  the  same  reagents  was  also  developed 
for  use  with  paper  chromatography  and  paper  electrophoresis  of  iodo- 
peptides  obtained  from  partial  thyroglobulin  hydrolysis.  The  spray 
can  detect  0.01  \ig   NaT,  0.02  \ig   diiodotyrosine,  and  0.2  |j.g  thyroxine. 
Studies  directed  toward  separating  and  identifying  iodopeptides  in 
trypsin  hydrolysates  of  thyroglobulin  are  now  in  progress. 

Investigation  of  the  thyroxine-binding  proteins  in  human  plasma 
has  been  continued,  in  the  direction  of  attempting  to  correlate  the 
three  binding  proteins  (alpha  globulin  or  TBG,  albumin,  and  prealbumin 
or  TBPA)  observed  in  paper  electrophoresis  with  the  four  bands  separated 
by  starch-gel  electrophoresis.   Two-dimensional  electrophoresis,  together 
with  other  studies,  has  established  the  identity  of  Band  1  with  TBPA  and 
Band  4  with  TBG.   Bands  2  and  3  appear  to  be  different  albumin  fractions 
and  are  still  under  study. 

J  Part  of  this  work  has  been  carried  out  by  Dr.  Robbins  during  his 

tenure  as  a  visiting  scientist  at  the  Carlsberg  Laboratory,  Copenhagen, 
Denmark. 
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Various  aspects  of  carbohydrate  metabolism  have  been  studied 
in  this  laboratory  in  the  past  year. 

_1.   Pathways  of  glucose  metabolism  in  man.   Studies  have  been 
completed  which  were  designed  to  determine  the  amount  of  glucose  meta- 
bolized by  way  of  the  hexosemonophosphate  (HMP)  and  Embden-Myerhoff 
pathway  in  normal  man.  Using  glucose  labeled  with  C^^  individual  carbon 
atoms  a  biological  model  has  been  constructed  which  indicated  the  HMP 
accounts  for  107o  and  the  E  M  path  for  90%  of  the  glucose  being  metabolized. 

This  analytical  procedure  is  now  being  applied  to  patients  with 
various  endocrinopathies.   To  date  patients  with  both  hypo  and  hyper- 
thyroidism have  been  studied  as  well  as  one  patient  with  Cushings  syndrome. 
The  results  indicate  that  the  hyperthyroid  patients  have  a  distinct 
abnormality  in  the  fraction  of  glucose  metabolized  by  the  two  pathways. 

As  part  of  this  project  it  has  been  necessary  to  measure  the 
size  and  turnover  parameters  of  the  bicarbonate  system  in  man  and  this 
data  is  now  being  analyzed. 

2.   Rat  diaphragm  studies  with  3  Deoxyglucose.   Experiments  have 
been  completed  to  determine  whether  the  transport  of  this  glucose  analogue 
is  affected  by  insulin  and  whether  this  sugar  is  competitive  with  glucose 
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for  the  transport  system.  It  has  been  found  that  insulin  does  not 
increase  transport  of  3  deoxyglucose  indicating  that  the  3  hydroxy 
group  is  involved  in  insulin  responsiveness.  The  analogue  did  not 
inhibit  glucose  nor  interfere  with  glucose  oxidation. 

3.  Biosynthesis  and  Metabolism  of  L-Fucose  in  Man.  Results 

of  this  project  have  shown  that  L-fucose  in  human  milk  is  synthesized- , 
predominantly  from  glucose  and  that  in  tracer  quantities  L-fucose- 1-C 
given  I.V.  to  a  normal  subject  is  rapidly  and  extensively  oxidized  to 

4.  Galactose  Metabolism 

Several  different  types  of  studies  have  been  in  progress  in 
the  area  of  galactose  metabolism.   Regulatory  mechanisms  as  well  as 
toxic  effects  of  galactose  ingested  also  have  been  looked  into. 

a.  Effects  of  Menthol  on  galactose  metabolism  in  man. 

In  collaboration  with  Dr.  Yale  Topper  it  has  been  found  that  menthol 
stimulates  galactose  oxidation  in  galactosemic  subjects  but  not  normals. 

b.  The  effects  of  pyruvate  on  galactose  oxidation  in 
human  hemolysates.  We  have  investigated  the  system  for  galactose 
metabolism  in  hemolysates  and  found  that  pyruvate  stimulates  galactose  . 
oxidation  by  means  of  increasing  the  rate  of  the  4  epimerose  step  in 
both  normal  and  heterozygous  subjects.   In  our  system  the  galactosemic 
hemolysates  oxidizes  no  galactose  initially  and  cannot  be  stimulated. 
Since  the  heterozygate  has  a  decreased  transferase  and  decreased  rate 

of  Cl^  galactose  oxidation  our  results  indicate  that  if  some  transferase 
is  present  stimulation  of  epimerase  speeds  galactose  oxidation. 

c.  Galactose  metabolism  in  hyperthyroid  rats.  Hyperthyroid 
humans  have  been  reported  to  have  decreased  galactose  tolerance.   Studies 
in  hyperthyroid  rats  have  not  confirmed  these  reports.  These  animals 
appear  to  show  an  excessive  rate  of  galactose  oxidation. 

d.  Effects  of  galactose-1-phosphate  accumulation  on  glucose 
oxidation  in  human  leucocytes.   With  Dr.  Arnold  Weinberg,  we  have  shown 
that  gal-l-P  does  not  alter  pathways  of  glucose  metabolism  in  leucocytes 
as  reported  by  others  in  the  rat  lens. 

e.  Aminoaciduria  in  rats  on  high  galactose  diets.  One  abnor- 
mality in  the  disease  congenital  galactosemia  is  aminoaciduria.   It  has 
now  been  demonstrated  that  rats  in  30%  galactose  diets  have  aminoaciduria 
principally  of  taurine,  alanine,  p  alanine,  aspartic  and  glutamic  acids. 
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A  continuation  of  ^  vitro  studies  on  galactose  1  C  metabolism 
by  blood  cells  from  galactosemic  patients,  their  relatives,  and  normals, 
revealed  the  following: 

14 

,,   1.  Whereas  normal  leukocytes  readily  oxidized  C   galactose 

to  C  0„,  galactosemic  leukocytes  were  unable  to  oxidize  galactose. 
Leukocytes  from  the  parents  of  3  different  galactosemic  patients  meta- 
bolized only  about  507o  as  much  galactose  Cl4  to  C-'-^O-  compared  to  normals. 
These  findings  suggest  that  in  addition  to  galactosemics,  the  heterozygous 
carrier  of  the  genetic  defect  for  this  disease  can  be  identified  by  this 
in  vitro  method. 

14 
2.  A  modification  of  the  galactose  C   method  was  developed 

for  use  as  a  simple  diagnostic  test  for  galactosemia.  One  or  two  ml. 
of  fresh  heparenized  whole  blood,  or  a  similar  amount  of  blood  that  was 
frozen  and  later  thawed  (fortified  with  1  mgm  TPNH)  was  incubated  with 
galactose  1  C^  and  the  C^^0„  evolved  was  trapped  in  hyamine  base.   Blood 
from  normal  controls,  including  cord  blood  from  normal  infants,  readily 
oxidized  C-*-^  galactose  to  C^0„.   Blood  from  galactosemic  patients  meta- 
bolized less  than  0.17o  as  much  galactose  as  normals,  and  heterozygous 
parents  as  well  as  some  siblings  had  values  that  were  50-757o  of  normal. 
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3.   Preincubation  of  galactosemic  leukocytes  with  unlabeled  galactose 
resulted  in  a  four  fold  greater  accumulation  of  intracellular  galactose-1- 
phosphate  compared  to  normal  leukocytes.  When  glucose  1  C^^  or  glucose 
6  C   was  then  added  to  the  incubation  medium  no  difference  was  found 
between  galactosemic  and  normal  white  cells  in  their  ability  to  oxidize 
these  substrates.   Contrary  to  some  recent  reports  in  the  literature, 
the  accumulation  of  galactose-1-phosphate  in  galactosemic  leukocytes 
did  not  inhibit  glucose  oxidation  by  the  hexosemonophosphate  pathway. 

Skin  and  bone  marrow  from  normal  and  galactosemic  individuals  were 
grown  in  tissue  culture  for  as  long  as  6  months.   The  metabolic  defect 
in  galactosemic  cells  could  be  shown  by  two  methods. 

1.  Galactosemic  cells  grown  in  growth  medium  in  which  galactose 
was  the  sole  carbohydrate  source  showed  virtually  no  growth  compared  to 
normal  cells  under  the  same  conditions.   In  fact,  normal  cellSgrew  as 
well  with  galactose  as  with  glucose. 

2.  When  cells  from  normal  or  galactosemic  cultures  were  incu- 
bated with  glucose  1  C^  both  cell  lines  oxidized  glucose  C^^  equally 
well.   However,  the  galactosemic  cells  were  unable  to  oxidize  galactose 
1  C   to  C  0„  while  normal  cells  were  readily  able  to  oxidize  this  sub- 
strate. 

Using  lactating  mammary  gland  from  rats  it  has  been  possible  to 
demonstrate  an  Jji  vitro  effect  of  prolactin,  growth  hormone,  and  ACTH 
on  glucose  uptake  and  oxidation.   It  was  found  that  glands  obtained 
toward  the  end  of  lactation  (17-21  days)  were  more  responsive  to  these 
hormones  than  glands  obtained  from  gestation,  early  lactation,  or  post 
lactation.  As  little  as  5  ug  or  5  mu  per  ml  of  these  hormones  was 
effective,  and  the  increase  in  oxidation  was  noted  as  early  as  15  minutes 
after  the  incubation  commenced.  The  results  could  not  be  explained  by 
adipose  tissue  present  in  the  slices  for  the  following  reasons: 

1.  Grossly  and  microscopically  there  was  little  adipose  tissue 
noted  in  late  lactation  slices. 

2.  TSH  did  not  stimulate  glucose  oxidation  in  our  preparations, 
but  had  a  marked  effect  on  adipose  tissue, 

3.  Insulin  stimulates  C  and  C  labeled  glucose  oxidation  in 
adipose  tissue,  but  was  found  to  inhibit  glucose  6  C^*^  oxidation  by 
mammary  tissue. 

4.  Prolactin,  growth  hormone  and  ACTH  increase  C  and  C  glucose 
oxidation  by  adipose  tissue,  whereas  prolactin  has  little  if  any  effect 
on  glucose  6  C-*-^  oxidation  by  mammary  slices  from  late  lactational  glands. 
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Blood  was  obtained  from  patients  in  the  Clinical  Center  by 
venipuncture  and  the  white  blood  cells  obtained  by  the  fibrinogen  sedi- 
mentation technique.   Phosphorylase  assay  was  performed  on  these  white 
blood  cells  and  a  normal  range  was  obtained.   Two  siblings  with  glycogen 
storage  disease  in  which  the  level  of  liver  phosphorylase  was  found 
to  be  low,  had  unusually  low  levels  of  phosphorylase  in  white  blood 
cells  obtained  by  this  technique.   Future  studies  are  now  planned  to 
include  more  patients  with  glycogen  storage  disease  and  attempt  stimu- 
lation of  the  phosphorylase  with  epinephrine  glucagon  and  3'5'  cyclic 
adenosine  monophosphate  in  vitro. 

Using  this  technique  white  blood  cells  were  examined  for  glyco- 
gen content  using  the  anthrone  method.  In  the  children  with  glycogen 
storage  disease  the  white  blood  cell  glycogen  level  was  in  the  normal 
range.  However,  two  patients  with  Hurler's  disease  were  found  to  have 
unusually  low  white  blood  cell  glycogen  levels.   Studies  on  these  patients 
are  now  underway  to  determine  the  activity  of  the  various  enzymes  in  the 
glycogen  synthesis  pathway. 
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Previous  studies  on  the  mechanism  of  action  of  thyroxine  on 
crystalline  dehydrogenases  were  extended.   It  had  been  found  in  1957 
that  thyroxine  altered  the  sedimentability  of  glutamic  dehydrogenase 
(GDH)  in  the  preparative  ultracentrifuge.  The  findings  of  Frieden 
(J. B.C.  234:  809  and  815,  1960)  suggested  that  the  reason  for  this  might 
be  a  dissociation  of  the  enzyme.  This  has  been  shown  to  be  the  case, 
GDH  of  ^26S  being  split  to  particles  of  ^14S,  and  the  degree  of  dis- 
sociation is  a  function  of  the  molar  ratio  of  thyroxine  to  GDH.   The 
sedimentation  coefficient  of  the  "unsplit"  GDH  is  reduced  as  a  function 
of  the  molar  ratio  of  T, /GDH.   Other  halogenated  phenols  that  inhibit 
the  enzyme  also  cause  dissociation  in  rough  proportion  to  their  inhibi- 
tory potency.   Following  Frieden,  it  has  been  shown  that  ADP  and  5'AMP 
can  reverse  enzyme  inhibition  and  also  lead  to  reassociation  of  the  split 
dehydrogenase.   It  has  also  been  found  that  guanosine  di-  and  tri- 
phosphates are  powerful  inhibitors  of  glutamic  dehydrogenase  without 
causing  splitting,  and  the  importance  of  the  interplay  between  guanosine 
and  adenosine  phosphates  has  been  stressed. 

The  intermediate  kinetics  of  thyroxine  inhibition. are,  in  part, 
resolved  by  using  triphosphopyridine  nucleotides,  which  at  usual  con- 
centrations react  only  at  the  active  site  (oxidized  and  reduced  diphos- 
phopyridine  nucleotides  have  an  additional  activating  or  inhibiting 
effect,  respectively,  on  a  second  site).   From  kinetic  considerations 
it  has  been  found  that  thyroxine  inhibits  at  this  second  site,  being  a 
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noncompetitive  inhibitor  with  TPN,  of  mixed  type  with  DPN  and  competitive 
with  ADP  (which  activates  at  the  second  site) . 

It  has  also  been  shown  that  norvaline  oxidation  or  a-ketovaleric 
acid  reduction  by  GDH  are  much  less  sensitive  to  thyroxine  (by  an  order 
of  magnitude),  that  ADP  is  a  potent  inhibitor  with  these  substrates, 
and  that  GTP  has  no  effect.   These  findings  suggest  that  the  split  pro- 
duct (14- 15s)  has  lost  glutamate  oxidizing  ability  but  that  norvaline 
oxidizing  ability  is  retained.   Clear  cut  demonstration  of  a  large  increase 
in  the  latter  activity  on  splitting  has  not  yet  been  obtained  but  is 
being  studied.   This  is  made  difficult  by  dissociation  of  GDH  caused  by 
dilution  at  concentrations  used  in  kinetic  studies. 
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Project  Title:   Investigation  of  Thyroidal  Iodide  Transport 
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Principal  Invesitgator:   Jan  Wolff,  M.  D.,  Ph.  D. 

Other  Investigators:   John  Maurey 

Cooperating  Units:   none 

Man  Years  (calendar  year  1960): 
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Other:   1/2 

Project  Description: 

In  continuing  previous  work,  a  detailed  investigation  on  the 
iodide  transporting  system  of  the  thyroid  gland  has  been  undertaken. 
Because  of  the  simplicity  of  the  system  in  vitro,  experiments  were 
carried  out  on  tissue  slices  suspended  in  Krebs-Ringer  phosphate  media 
containing  19~"M  ll3l  iodide.   The  "equilibrium"  between  extra-  and 
intracellular  iodide  (the  T/M  (I~))  was  measured  at  >  90%  of  the  equili- 
brium value.  The  affinity  constant  was  calculated  on  the  assumption  that 
the  system  obeys  the  Langmuir  isotherm,  and  corrected  for  diffused  iodide. 

The  iodide  concentrating  mechanisms  of  normal  sheep  thyroid, 
mouse  submaxillary, rat  mammary  and  rat  thyroid  tumor  tissue  slices  have 
been  compared.   The  tissue/medium  ratio  of  ^^Ij-  (x/M(I"))  is  greater 
for  thyroid  tissue  than  for  the  other  tissues  under  identical  conditions. 
The  time  to  attain  equilibriimi  is  80-120  minutes  in  thyroid  tissues  and 
30-40  minutes  in  the  other  three  tissues.   The  T/M (I")  of  all  four  tissues 
is  reduced  to  half  the  control  value  at  1-3*10"%  iodide  and  the  assoc- 
iation constants  vary  from  2.7-3 .3" IOtI.  The  differences  in  T/M(I")  appear 
to  be  a  function  of  the  capacity  of  the  system  rather  than  the  affinity 
for  iodide  ion.   Iodide  accumulation  in  all  four  tissues  can  be  shown  to 
be  a  function  of  the  external  K"*"  concentration  with  half  maximal  stimu- 
lation of  the  T/M  (I")  attained  at  from  0.9-2. 9' 10"%  of  added  K"*".  The 
cardiac  glycosides  ouabain  and  scilliroside  depress  the  T/M(I")  in  all 
four  tissues.   Scilliroside  is  a  more  potent  inhibitor  than  ouabain  by 
an  order  of  magnitude.  This  depression  can  be  partially  reversed  by  the 
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addition  of  30  meq/L  of  K  ,  RB  or  Cs  ions. 

We  have  also  studied  the  effect  of  ionic  size  in  the  transport 
systems  of  iodide  concentrating  tissues.   Preliminary  results  show 
that  there  is  a  minimum  size  requirement,  in  salivary  and  thyroid 
tissues  and  that  ions  of  somewhat  greater  partial  molar  ionic  volume 
than  iodide,  e.g.,  TcO,-  and  ReO,-  show  greater  affinity  constants  than 
iodide.   There  is  a  K"*"  requirement  for  the  concentration  of  these  ions 
and  studies  with  inhibitors  suggest  that  their  accumulation  occurs  by  a 
process  similar  to  iodide  concentration. 
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Publications  other  than  abstracts  from  this  project: 

1.  Wolff,  J;  Thyroidal  Iodide  Transport  I.  Cardiac 
Glycosides  and  the  Role  of  Potassium;  Biochim. 
Biophys.  Acta;  38:316-324;  1960. 

2.  Wolff,  J.,  and  Maurey,  J.  R.;  Thyroidal  Iodide 
Transport.  II.  Comparison  with  Non- thyroid  Iodide 
Concentrating  Tissues.;  Biochim.  Biophys.  Acta;  In 
Press;  1961. 

Honors  and  Awards  relating  to  this  project:   none 
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Project  Title:   Studies  of  Steroid  Hormones 

Principal  Investigator:   Saul  W.  Rosen,  M.  D.,  Ph.  D. 
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Project  Description: 

Attempts  to  isolate  and  characterize  the  corticosteroid 
binding  globulin(s)  of  human  serum  have  continued.  Using  Cohn  fraction 
IV-4  as  starting  material,  preparations  have  been  obtained  by  chromato- 
graphy on  anion  exchange  cellulose  that  have  a  50  to  100  fold  increase 
in  titer  of  this  globulin  over  serum  itself.  All  such  preparations  were 
yellow  (absorption  maximum  at  405  mu)  and  heterogeneous  to  starch  gel 
electrophoresis.   Chromatography  of  this  material  on  calcium  phosphate 
gel  doubled  the  purity  and  separated  the  binding  protein(s)  from  the 
yellow  contaminant.   Comparative  experiments  with  dog,  cow,  and  monkey 
sera  suggested  that  the  binding  protein(s)  was  not  a  prealbumin.   Con- 
firmation of  this  point  was  obtained  in  the  failure  of  a  pure  sample 
of  human  prealbumin  (Dr.  H.  E.  Schultze)  to  bind  Cortisol.   Elution 
experiments  from  starch  gel  using  radioactive  Cortisol  localize  the 
binding  protein(s)  in  the  post-albumin  region. 

A  study  of  the  role  of  ovarian  androgen  in  patients  with  the 
polycystic  ovary  (Stein-Leventhal)  syndrome  was  begun.   Fifteen  patients 
with  laparotomy  proved  disease  were  admitted  to  the  Clinical  Center  and 
studied,  in  order  to  gain  experience  with  the  entity.   Several  other 
patients,  in  whom  the  diagnosis  was  only  suspected,  were  studied  and 
some  taken  to  surgery  for  wedge  resection.  At  surgery  blood  was  collected 
from  the  ovarian  vein  and  frozen  for  subsequent  estimation  of  androgen 
content.  The  wedges  of  ovary  were  incubated  with  C^^  progesterone  and  are 
being  chromatographed  by  Dr.  Hildegard  Wilson. 

Part  B  included     Yeg^  X  /    Nc/   / 
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CLINICAL  INVESTIGATIONS 

The  clinical  and  laboratory  research  activities  of  the  Clinical 
Investigations  area  of  N.I.A.M.D.  have  continued  to  increase  during  the  past 
year.  .No  new  units  have  been  added  nor  additional  space  acquired. 

The  coiiiplement  of  patient  beds  has  been  expanded  from  65  to  70  as  of 
March  1,  I960  and  the  census  for  the  year  has  averaged  76/S. 

A  total  of  483  in-patients  was  admitted  during  the  12-month  period 
from  December  1,  1959  to  November  30,   I960,  an  increase  of  94-  patients  (24$S) 
over  the  same  period  last  year.  The  total  patient  days  was  19,134,  an 
increase  of  2,192  over  the  preceding  year.  In  the  Admissions  and  Followup 
Department  1,585  patients  were  examined  and  studied,  an  increase  of  65  over 
the  past  year.  The  average  in-patient  stay  at  the  Clinical  Center  was  40  days, 

Investigations  related  to  the  diseases  studied  at  N.I.A.M.D.  have 
resulted  in  94  publicatiions  in  scientific  journals,  monographs,  annual  reviews 
and  medical  textbooks.  During  the  past  year  Dr.  Joseph  J.  Bunim  was  awarded 
the  Heberden  Medal  by  the  Heberden  Society  of  Great  Britain  in  recognition  of 
his  research  in  the  rheumatic  diseases.  In  accordance  with  tradition,  he 
delivered  the  Heberden  Oration  in  London.  Dr.  Bunim  was  also  selected  to  give 
the  Stoneburaer  Lecttire  in  Richmond,  Virginia,  as  guest  lecturer  for  the 
Mexican  Eheumatism  Society  in  Mexico  City  and  for  the  Canadian  Rheumatism 
Association  in  Toronto.  He  delivered  lectures  on  the  rheumatic  diseases  at 
London  University,  Manchester  University  and  Leiden  University.  Dr.  Paul  A. 
di  Sant'Agnese  was  appointed  Clinical  Professor  of  Pediatrics  at  Georgetown 
University  and  Lecturer  in  Pediatrics  at  Johns  Hopkins  University.  He  was 
given  the  annual  award  of  the  Philadelphia  Chapter  of  the  National  Cystic 
Fibrosis  Research  Foundation.  Dr.  di  Sant'Agnese  was  guest  lecturer  at 
scientific  meetings  in  Holland,  Switzerland  and  Germany. 

At  the  request  of  the  Bureau  of  Medical  Services  of  the  U.S.P.H.S., 
members  of  the  Clinical  Investigations  staff  gave  lectures  and  conducted  ward 
rounds  at  the  following  PHS  Hospitals:  Baltimore,  Boston,  Seattle  and  Staten 
Island. 

Our  staff  scientists  have  derived  substantial  benefit  from  the 
association  of  distinguished  Visiting  Scientists  and  Guest  Workers  who  have 
worked  at  our  Institute  during  the  past  year:  Prof.  E.  G,  L.  Bywaters  of 
London  University,  Dr.  Rosalind  Pitt-Rivers  of  the  National  Institute  for 
Medical  Research,  England,  Dr.  Samuel  Rose  of  the  University  of  Melbourne, 
Australia,  Dr.  Serge  Lissitzky  of  the  University  of  Marseilles,  France, 
Dr.  P.  Vilkki  of  the  University  of  Turku,  Finland,  Dr.  H.  Keen  of  Guy's 
Hospital,  England,  Dr.  Marco  Andreoli  of  the  University  of  Rome,  Dr.  T.  Shiba 
of  Osaka  University,  Japan  and  Dr.  David  Jackson  of  the  University  of  Oregon. 

ARTHRITIS  AND  RHEUMATISM  BRANCH 

Research  activity  in  the  immunological  reactions  in  the  rheumatic 
diseases  is  increasing  sharply  both  in  this  country  and  abroad.  This  shift 
in  research  direction  is  understandable  since  studies  conducted  on  the 
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chemistry  and  metabolism  of  connective  tissue  over  the  last  decade  have  not 
achieved  a  clear  insight  into  the  pathogenesis  of  the  rheumatic  diseases. 
Newer  concepts  and  knowledge  of  the  mechanism  of  antibody  (both  humoral  and 
cell-bound)  formation  and  more  sophisticated  immunological  techniques  have 
stimulated  workers  in  the  rheumatism  field  to  renewed  efforts  in  this 
relatively  young  and  rapidly  growing  discipline. 

Serological  Factors  (Antibodies?)  in  Connective  Tissue  Diseases 

As  repo2?ted  last  year,  it  was  discovered  in  this  laboratory  that 
patients  with  Sjogren's  syndrome  (keratoconjunctivitis  sicca,  xerostomia  and 
rheumatoid  arthjritis  or  other  connective  tissue  disease)  exhibited  an 
tmusually  high  incidence  of  circulating  "antibodies"  or  "factors"  to  tissue 
conipanents  which  by  and  large  were  not  organ  or  species  specific.  These 
studies  have  been  extended  during  I960  and  interesting  results  obtained.  The 
series  now  includes  40  patients  with  Sjogren's  syidrcme  that  may  be  conven- 
iently classified  into  four  clinical  groups:  (l)  sicca  complex  with  rheumatoid 
arthritis,  (2)  sicca  complex  with  scleroderma,  (3)  sicca  ccniplex  with  poly- 
myositis or  myopathy  and  (4)  sicca  ccsirolex  alone.  The  greatest  number  of 
separate  antibodies  and  the  highest  titers  of  these  were  present  in  the  last 
two  groups,  yet  the  incidence  of  different  antibodies  even  in  the  first  two 
groups  clearly  exceeded  that  found  in  rheumatoid  arthritis  alone.  The 
incidence  of  individual  serological  factors  demonstrated  in  Sjogren's  syndrcme 
were:  rheumatoid  factor,  100^;  antinuclear  factor,  11%;    complement  fixing 
antibodies  against  tissue  coniponents,  49^  and  specific  thyroglobulin  anti- 
bodies, 21%. 

By  the  Ouchterlony  gel  diffusion  precipitin  technique,  precipitin  lines 
were  demonstrated  between  serum  gamma  globulin  fractions  from  patients  with 
Sjogren's  syndrome  and  saline  extracts  frcm  human  salivary  gland,  liver, 
kidney  and  thyroid  extracts.  Attempts  to  isolate  the  active  (antigenic) 
fraction  concerned  in  the  complement  fixation  reaction  were  made  by  ultra- 
centrifugation  of  tissue  homogenates.  The  antigenic  coicponent  was  found  in 
the  soluble  (supernatant)  cytoplasmic  or  nuclear  constituent  and  not  in  the 
sedimented  nuclei,  mitochondria  or  microsomes.  The  serum  constituent  involved 
in  this  reaction  was  found  in  the  gamma  globulin  fraction  following  ammonium 
sulfate  and  electrophoretic  separation. 

Of  special  clinical  interest  was  the  observation  of  the  concurrence  of 
Hashimoto's  thyroiditis,  arteritis,  myopathy,  hyposthemaria  and  neuropathy  in 
seme  cases  in  this  series. 

The  results  of  these  studies  suggest  that  an  altered  or  dei*anged 
immunological  mechanism  may  be  involved  in  the  pathogenesis  of  Sjogren's 
syndrome  which  is  frequently  associated  with  rheumatoid  arthritis  or  some 
other  connective  tissue  disease  (scleroderma,  systemic  lupus  erythenatosxis  or 
polyarteritis  nodosa) . 
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Mechanism  of  Action  of  Steroids  on  Certain  Enzyme  Systems 
at  the  Molecular  Level  (in  vitro) 


I.  Inhibition  of  DPNH-Cytochrome  C  Reductase 

^     As  described  in  the  1959  Annual  Report,  low  concentration  of  hormonally 
active  steroids  and  diethylstilhestrol  were  shown  to  inhibit  DPNH-cytochrome 
c  reductase  between  the  flavqprotein  and  cytochrome  b  (or  Coenzyme  Q),  and 
this  inhibition  could  be  competitively  overcame  by  CC-tocqpherol  and  various 
other  lipids.  Furthermore,  an  alternate  route  of  electron  transport  was 
identified  from  the  flavqprotein  to  cytochrome  c.  As  a  future  step  in 
localizing  the  effect  of  steroids  on  this  sequence  (as  described  in  earlier 
reports)  the  reduction  of  internal  coenzyme  Q  was  studied  in  beef  heart 
mitochondria.  As  expected,  steroid  inhibition  of  Co  Q  reduction  was  obsei^ved, 
thus  confirming  the  site  of  inhibition  to  be  just  beyond  the  flavqprotein 
level.*  , 

(DPNH  — >  FP  ^dl*^  g  ^^C^ >  C  — >..) 

Additional  work  has  been  done  in  characterizing  the  basic  effect,  and 
particularly  in  identifying  possible  physiologic  sequelae.  It  has  been  shown 
that  soluble  preparations  of  cytochrome  c  reductase  from  microsomes  and  mito- 
chondria are  affected  in  a  manner  similar  to  the  particulate  preparations. 
Some  specificity  of  the  lipid  reversal  of  the  steroid  effect  is  suggested 
since  a-tocopherol  does  not  diminish  the  degree  of  inhibition  of  DPNH 
oxidation  by  amytal  (or  chlorpromazine)  both  of  which  bloc]<:  the  electron  trans- 
port chain  at  approximately  the  same  level.  More  intensive  study  of  beef 
pituitary  and  human  placental  enzyme  preparations  has  not  revealed  any  striking 
differences  in  response  from  the  rat  tissues  examined. 

II .  Decarboxylation  of  Pyruvic  Acid 

The  DPN-dependent  oxidation  of  pyruvic  acid  to  acetyl  coenzyme  A  and 
CO  is  the  metabolic  step  which  permits  the  entry  of  glucose  carbon  into  the 
Krebs  cycle,  and  its  rate  might  be  important  in  the  regiilation  of  carbohydrate 
metabolism.  Steroid  hormones  have  been  shown  to  inhibit  this  reaction  iji 
vitro:  and  the  elevated  blood  levels  of  pjrruvic  acid  in  patients  with 
Gushing 's  disease  and  upon  steroid  administration  suggest  some  such  action  of 
these  hormones  ia  vivo. 

Since  the  oxidation  of  DPNH  to  DPN  by  the  DPNH-oxidase  reaction  is 
strongly  inhibited  by  various  steroid  hormones,  it  was  siispected  that  the 
steroid  inhibition  of  pyruvate  oxidation  might  be  due  to  curtailment  of  DPN 
arising  from  DPNH  oxidation. 

I      Pyruvate  oxidation  in  homogenates  of  rat  tissue  was  stimulated  by  the 
addition  of  cytochrome  c  and/or  liver  microsomes,  which  specifically  stimulate 
DPNH  oxidation.  This  showed  that  the  rate  of  pyridine  nucleotide  oxidation 
could  control  that  of  pyruvate.  Alpha-tocqpherol,  which  prevented  steroid 
inhibition  of  the  DPNH  oxidase,  also  overcame  the  steroid  svgjpression  of  the 
pynivate  reaction.  When  DPNH  oxidation  was  ijiipeded  by  other  inhibitors  of 
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electron  transport,  such  as  amytal  or  antljiiycin  A,  there  was  a  corresponding 
depression  of  the  oxidation  of  pyruvate,  and  a-tocopherol  could  not  overcame 
this  effect. 

These  findings  illustrate  that  steroids  can  regulate  the  oxidative 
decarboxylation  of  pyruvic  acid,  by  virtue  of  their  ability  to  inhibit 
oxidation  of  DPM.  The  possibility  is  being  investigated  that  a  direct 
mechanism  of  inhibition  also  exists. 

It  has  been  established  by  other  investigators  that  steroid  hormone 
administration  can  result  in  a  five-fold  increase  in  GPT  activity  in  the  rat 
liver.  In  order  to  examine  the  possibility  that  this  induction  could  result 
from  the  acctraiulation  of  substrate  pyruvate  after  steroid  administration,  a 
groiip  of  six  rats  was  given  injections  of  pyruvate  over  a  2-week  period. 
Canparison  of  the  liver  GPT  activities  with  six  controls  revealed  no  sig- 
nificant differences.  The  question  of  whether  the  pyruvate  was  actually 
increased  at  the  celliilar  level  by  this  procedure  has  not  been  established. 

Ill .  Inhibition  of  the  Glutamic  Dehydrogenase  (GDH)  Reaction 

In  studying  the  possible  sequelae  of  the  steroid  inhibition  of  DPNH 
oxidation,  we  were  led  to  examine  the  effects  of  steroids  on  certain  DPN 
requiring  dehydrogenases.  The  oxidation  of  glutamate  to  Qi-ketogluterate  (oKG) 
and  ammonia  by  DPN  (or  TPN)  the  GDH  reaction  was  of  particular  interest 
because  of  the  importance  of  glutamic  acid  in  amino  acid  synthesis  and  break- 
down, it  seemed  reasonable  in  a  system  which  contains  both  glutamic  dehy- 
drogenase and  DPMH-cytochrome  c  reductase,  the  inhibition  of  the  latter 
reaction  by  steroids  could  depress  the  oxidation  of  glutamate  when  DPN  was 
rate-limiting.  In  accordance  with  this,  5  x  10"^  M  progesterone  caused  a 
2.7-fold  increase  in  the  rate  of  DPNH  accumulation  in  a  system  consisting  of 
DPN,  glutamate  and  disrupted  liver  particles. 

When  this  phenomenon  was  examined  in  greater  detail,  however,  it  was 
found  that  besides  their  effect  on  DPNH-cytoch-rame  c  reductase,  some  steroids 
could  inhibit  glutamic  dehydrogenase  directly.  This  vras  shomn  with  soluble 
extracts  prepared  by  freezing  and  thawing  liver  mitochondria  in  distilled 
water.  Subsequently,  the  reaction  has  been  studied  in  considerable  detail, 
using  the  crystalline  enzyme  prepared  from  beef  liver.  When  the  activity  is 
assessed  either  by  reduction  of  cc-ketoglutarate  or  oxidation  of  glutamic . 
acid,  using  either  di-  or  tri-phosphopyridine  nucleotide  as  co-factor,  various 
steroids  (and  diethylstilbestrol  (DES))  were  able  to  produce  significant 
inhibition. 

In  addition  to  detailed  kinetic  appraisal  of  the  steroid-enzyme 
interaction,  evidence  has  been  obtained  that  the  steroids  induce  a  reversible 
change  in  the  structure  of  the  enzyme. 

Diethylstilbestrol,  estradiol,  progesterone  and  testosterone  (in  that 
order),  were  the  most  effective  compounds  studied,  while  the  corticoids  were 
relatively  ineffective  either  alone  or  in  combination  with  other  steroids. 
Diethylstilbestrol  produced  significant  inhibition  in  concentrations  as  low 
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as  10"'  M.  Of  considerable  interest  was  the  fact  that  adenosinediphosphate 
(ADP)  (and  to  a  much  lesser  extent  adenosinetrlphosphate  (ATP)  and  adenosine- 
monophosphate  (AMP))  prevented  the  steroid  inhibition,  particularly  since  10 
times  as  much  ADP  was  necessary  to  reverse  the  inhibition  observed  when  the 
reductive  reaction  iivas  studied, 

A  study  of  steroid  concentration  effects,  both  in  rat  liver  mito- 
chondria and  in  the  crystalline  beef  liver  enzyme,  has  yielded  compler  data 
perhaps  best  explained  on  the  basis  of  multiple  binding  sites  for  the  steroid. 

The  steroid  inhibition  has  been  extensively  examined  using  varying 
concentrations  of  the  different  substrates  (glutamate,  DPN,  TPN,  DPNH,  TPNH, 
a-ketoglutarate,  NH^)  and  no  clear-cut  competitive  relationships  have  been 
established.  Hovirever,  very  high  (Ca  10~2  M)  concentrations  of  DPN,  but  not 
TPN,  will  prevent  the  steroid  effect.  Conversely,  high  concentrations  of 
a-ketoglutarate,  DPNH,  and  TPNH,  enhance  the  iohibition.  The  complicated 
kinetics  of  the  reaction  in  the  presence  of  steroid  suggest  that  at  least  one 
form  of  the  enzyme-inhibitor  complex  may  retain  some  catalytic  activity. 

Some  information  has  been  obtained  concerning  the  binding  site  of  the 
steroid,  suggesting  that  a  sulfhydryl  group  may  be  involved.  Parachloro- 
mercuribenzoate  (PCMB),  in  concentrations  insufficient  to  inhibit  the  enzyme, 
was  showa  to  reduce  the  degree  of  steroid  inhibition.  Appropriately,  DES  was 
also  shown  to  retard  the  formation  of  enzyme-PCMB  caaiplex,  as  measured  by 
following  the  optical  density  of  the  coniplex  at  250  n^.  On  the  other  hand, 
the  steroids  were  shown  to  prevent  lo  inactivation  of  the  enzyme. 

In  addition  to  the  beef  and  rat  liver  enzymes,  GDH  has  also  been 
prepared  from  chicken  liver,  rat  testis,  rat  kidney,  rat  heart,  S.typhrimurium. 
and  Neurospora  crasa.  Only  the  latter  two  failed  to  show  steroid  inhibition. 

Thyroxine  and  1,10-phanthroline,  both  inhibitors  of  the  GDH  reactions, 
were  additive  with  steroid. 

Since  it  had  been  shown  by  Frieden  that  various  inhibitors  of  GDH 
could  dissociate  the  enzyme  into  inactive  subunits,  the  effects  of  steroids 
and  DES  on  the  sedimentation  properties  of  the  enzyme  were  examined.  It  was 
observed  that  DES,  estradiol,  and  progesterone  could  promote  a  dissociation 
of  the  crystalline  enzyme  into  two  foims  appearing  in  the  ultracentrifuge  as 
two  peaks  of  12-14s  and  24-26s.  The  effectiveness  of  the  three  compounds  as 
inhibitors  of  the  reaction  was  well  correlated  with  the  degree  of  splitting 
observed.  ADP,  which  prevented  the  inhibition  of  the  reaction,  also  prevented 
the  steroid  dissociation  of  the  enzyme. 

Further  evidence  for  campetition  between  PCMB  and  steroid  was  obtained 
in  that  the  PCMB-inactivated  enzyme  could  not  be  split  by  steroid. 

The  intimate  mechanism  by  which  certain,  steroids  can  dissociate  such  a 
protein  aggregate  into  subunits  has  not  been  determined.  Although  GDH  is  rich 
in  sulfur,  it  is  apparently  not  held  together  by  S-S  bonds  since  prolonged 
incubation  of  the  enzyme  with  the  reducing  agent,  thioglycollate,  did  not 
result  in  any  decrease  in  activity.  (In  fact,  thioglycollate  protected  GDH 
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against  loss  in  activity  frcm  prolonged  incubation  and  prevented  steroid 
inhibition.)  It  is  perhaps  revealing  that  GDH  could  also  be  dissociated  with 
the  detergent,  sodium  dodecylstilfate,  although  it  was  somewhat  less  effective 
than  the  steroids.  A  possible  mechanism,  then,  is  that  of  hydrophobic  bond 
disruption. 

The  interesting  findings  of  Struck  and  Sizer  that  GDH  can  catalyze  the 
oxidation  of  amino  acids  other  than  glutamate  (albeit  at  considerably  slower 
rates)  prompted  an  examination  of  the  effects  of  steroids  when  these  are  used 
as  substrates.  It  has  been  observed  that  steroids  produce  varying  effects, 
depending  on  the  particular  substrate  used.  Of  greatest  interest  was  the  re- 
versible reductive  amlnation  of  pyruvate  to  alanine  which  can  be  catalyzed  by 
GDH  at  a  rate  1/200  that  of  glutamate.  That  the  same  protein  is  responsible 
for  the  two  activities  was  proved  by  DEAE  celliilose  column  chromatography, 
heat  inactivatlon,  alcohol  fractionation,  and  ultracentrifugation.  Evidence 
indicates  that  the  pyruvate-alanine  interconversion  is  catalyzed  chiefly  by 
the  dissociaccd  form  of  the  GDH  molecule  which  is  inactive  toward  glutamate. 
Thus  the  pyruvate-alanine  reaction  is  stimulated  by  steroid  hormones,  DPNH, 
a.id  10,phonarthroline,  all  of  which  dissociate  GDH  into  subunits  and  thus 
iriibit  glutamate  oxidation.  On  the  other  hand,  the  alanine  pyruvate  activity 
was  inhibited  by  those  things  such  as  high  concentration  of  DPN  and  TPN  and 
ADP  which  cause  association  of  enzyme  and  stimulate  glutamate  oxidation. 

Thus,  not  only  does  the  state  of  aggregation  of  the  GDH  molecule 
determine  its  catalytic  behavior  as  Frieden  has  shown,  but  also  its  substrate 
specificity.  Therefore,  steroid  hormones  in  dissociating  glutamic 
dehydrogenase  into  subunits,  impede  its  function  in  interconverting  glutamate 
and  g-lcetoglutarate .  while  facilitating  its  function  in  catalyzing  the  alanine 
dehydrogenase  reaction. 

The  present  findings  hqpefiiLly  may  lead  to  a  better  understanding  of 
the  mechanisms  of  hormone  action.  Although  the  physiological  impact  of  such 
an  effect  on  the  glutamic  dehydrogenase  reaction  cannot  be  appraised  at  the 
present  time,  these  findings  present  an  interesting  model  system  of  steroid 
action  in  which  both  the  catalytic  behavior  and  substrate  s-pecificity  of  an 
enzyme  are  changed  as  a  result  of  a  steroid-induced  alteration  in  the 
structure  of  the  enzyme  molecule.  In  addition,  the  finding  that  a  single 
enzyme  may  catalyze  different  reactions,  depending  on  its  state  of  aggregation, 
presents  a  model  mechanism  by  which  both  diversification  of  enzyme  function 
and  development  of  new  genetic  characteristics  could  occur. 

Abnormalities  of  Purine  Itetabolism  Associated  with  Gout 

The  cause  of  the  hyperdricemla  of  gout,  whether  increased  production  or 
diminished  excretion  of  uric  acid,  has  been  studied  further.  The  extent  to 
which  an  excessive  production  of  uric  acid  contributes  to  the  hyperuricemia  of 
gout  has  been  evaluated  by  administering  glycine-l-C-'-'+,  a  metabolic  precursor 
of  xiric  acid,  along  with  uric  acid-N-'-^  to  normal  and  gouty  subjects  and 
determining  the  recovery  of  isotope  in  -urinary  uric  acid.  The  data  thereby 
obtained  provide  two  independent  parameters  of  uric  acid  synthesis:  the  extent 


-6-  600 


to  which  glycine  is  Incorporated  into  uric  acid  and  the  size  of  the  body  urate 
pool  and  its  turnover.  In  addition,  the  fraction  of  the  daily  uric  acid 
production  that  is  disposed  of  by  routes  other  than  renal  excretion  (loricoly- 
sis  and  deposition  in  tcphi)  is  Indicated  by  the  percent  of  the  administered 
■uric  acid-N-^5  which  is  recovered  in  the  urinary  uric  acid.  Nine  of  16  gouty 
patients  showed  an  Incorporation  of  glycine-l-Cl'4  into  urinary  uric  acid 
ranging  from  only  slightly  above  normal  to  several  times  normal.  In  two  of 
the  seven  remaining  patients  an  abnormally  large  extra-renal  disposal  of  tiric 
acid  masked  an  increased  glycine  incorporation.  There  remained  five  gouty 
subjects  in  whom  no  evidence  of  an  increased  \iric  acid  production  could  be 
found  by  either  glycine  incorporation  data  or  urate  turnover  values. 

The  extent  to  which  an  impaired  renal  handling  of  uric  acid  contributed 
to  the  hyperuricemia  of  this  group  of  gouty  subjects  was  investigated  by 
determining  the  urate/inulin  clearance  ratio.  For  comparison  clearance  values 
were  obtained  in  non-gouty  subjects  before  and  after  wcic   acid  production  was 
increased  ty  feeding  ribose  nucleic  acid  (KNA).  The  group  of  five  gouty 
subjects  with  a  normal  uric  acid  production  showed  a  lower  urate/inulin 
clearance  value  than  was  obtained  with  normal  subjects  who  were  receiving  RNA. 
Five  of  the  six  patients  who  produced  excessively  large  amounts  of  uric  acid 
showed  urate/inulin  clearance  ratios  in  the  same  range  shown  by  non-gouty 
subjects  whose  iiric  acid  production  had  been  increased  by  feeding  RNA. 

It  would  seem  unlikely  that  a  single  inborn  metabolic  defect  character- 
istic of  all  gouty  patients  would  produce  in  some  individuals  an  excessive 
uric  acid  production  and  in  others  no  increase  in  uric  acid  production  but 
instead  a  diminished  ability  of  the  kidney  to  dispose  of  uric  acid.  We  are 
led  then  to  the  view  now  being  explored  that  clinical  gout  may  be  the  result 
of  a  variety  of  basic  metabolic  or  physiological  disturbances  which  have  in 
common  the  induction  of  a  hyperuricemia. 

Studies  on  the  Metabolism  of  Aromatic  Amino  Acids  in  Man  and  Animals 

Objectives  in  studying  patients  with  metabolic  diseases  associated  with 
the  metabolism  of  the  aromatic  amino  acids,  alcaptonuria,  phenylketonuria, 
tyrosinosis  and  albinism,  have  been  several:  (l)  to  determine  the  exact  nature 
of  the  metabolic  defect  in  these  conditions;  (2)  to  study  the  hereditary 
pattern  of  these  diseases  and,  if  possible,  to  develop  tests  which  will  detect 
the  heterozygous  state  in  relatives  carrying  the  trait;  (3)  to  study  the  for- 
mation and  deposition  of  the  pigment  derived  from  hcmogentisic  acid  and  to 
determine  how  it  produces  the  pathological  changes  in  the  connective  tissues, 
particularly  the  Joints  (ochronotic  arthritis);  (4)  to  study  the  caxise  of 
ochronotic  arthritis,  nearly  always  associated  with  alcaptonuria;  and  (5)  to 
attenipt  various  means  of  treatment  of  these  metabolic  diseases. 

Role  of  ascorbic  acid  in  tyrosine  metabolism  -  Our  studies  have 
continued  on  the  detailed  mechanism  by  which  vitamin  C  maintains  normal 
tyrosine  metabolism  through  protecting  p-hydroxyphenylpyruvic  acid  oxidase 
from  inhibition  by  its  substrate.  Several  analogues  of  ascorbic  acid,  such 
as  D-isoascorbic  acid,  have  also  been  found  to  protect  this  enzyme  from 
inhibition  in  scorbutic  guinea  pigs  ia  yj-YO.  In  addition,  a  dye, 
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2,6-dichlorqphenolindcphenol,  and  folic  acid  also  protect  the  enzyme  in 
scorbutic  guinea  pigs,  and  the  action  of  the  latter  two  compounds  has  "been 
studied  in  more  detail.  The  dye  has  been  fovmd  to  have  no  anti-scorbutic 
effects  in  vitamin  C-deficient  animals  except  for  its  ability  to  maintain 
tyrosine  metabolism.  Therefore,  there  is  a  clear  distinction  between  the 
effect  of  vitamin  C  in  tyrosine  metabolism  and  the  effects  of  the  vitamin  in 
the  other  aspects  of  scxirvy.  Folic  acid  was  found  not  to  protect  p-hydroxy- 
phenylpyruvic  acid  oxidase  ia  vitro  and  we  have  concluded  that  its  beneficial 
effect  in  vivo  are  through  seme  indirect  mechanism. 

Struct\iral  analogues  of  p-hydroxyphenylpyruvate  are  being  tested  to 
find  out  the  struct\iral  requirements  for  inhibition.  In  addition,  a  kinetic 
analysis  of  substrate-induced  inhibition  and  that  by  other  analogues  has  been 
made.  Phenylpyruvate  has  been  found  to  be  even  more  potent  an  inhibitor  than 
the  substrate  when  preincubated  with  p-hydroxyphenylpyruvic  acid  oxidase  and 
the  inhibi+ion  is  of  the  non-conipetitive  type  under  these  circumstances. 
Various  other  dyes  and  redox  systems  are  being  tested  in  place  of 
2,6-dichlorqphenolindophenol  to  determine  whether  it  is  a  structursil  or  redox 
property  of  the  dye  which  is  the  important  component  in  its  effectiveness  in 
protecting  the  enzyme.  Recent  results  indicate  that  it  is  the  structtire 
and/or  the  ease  of  its  reduction,  rather  than  the  E^^  value  of  the  redox  system 
which  is  important.  The  compounds  active  like  the  dye  also  have  in  common 
the  ability  to  undergo  a  one  election  change  in  oxidation,  suggesting  that  a 
free  radical  may  participate  in  the  oxidation  of  the  substrate  by  p-hydroxy- 
phenylpyruvic acid  oxidase. 

Observation  of  a  Uevf  Toxic  Effect  of  Prolonged 
Corticosteroid  Therapy  -  Posterior  Subcapsular  Cataract 

During  the  past  year  we  have  observed  and  reported  a  heretofore  unknown 
adverse  effect  of  prolonged  corticosteroid  therapy  in  high  dosage,  namely 
posterior  subcapsular  cataracts.  Although  many  of  the  patients  observed  to 
have  such  cataracts  had  been  receiving  dexamethasone,  a  large  number  of  others 
had  never  received  this  specific  analogue,  but  had  received  both  the  naturally 
occiirring  and  the  older  synthetic  corticosteroid  preparations.  Seventeen  of 
44  rheumatoid  arthritis  patients  having  received  corticosteroid  therapy  for 
periods  of  one  year  or  longer  were  found  to  have  this  oeiilar  lesion.  Nineteen 
non-steroid  treated  rheumatoid  patients  were  examined  and  no  such  lesions  were 
found.  The  appearance  of  the  posterior  subcapsular  cataract  was  found  to  be 
associated  with  moderate  or  high  dose  therapy  (eqxdvalent  to  10  mgm.  or  more 
of  prednisone  daily)  for  a  period  of  one  year  or  longer.  More  recently,  an 
additional  35  corticosteroid-treated  patients  have  been  examined,  and  8  of 
these  individuals  were  found  to  possess  this  lenticular  opacity.  Mong  these 
6  were  two  young  boys,  ages  8  and  12.  The  gradual  improvement  with  decrease 
in  size  of  opacity  in  two  patients  in  whom  it  was  possible  to  reduce  or 
conipletely  discontinue  therapy  has  suggested,  in  some  individuals  at  least, 
that  this  lesion  may  be  reversible.  Lenses  have  been  obtained  from  one   ^ 
patient  at  autopsy  and  from  another  at  siH-gery,  although  the  microsccpic 
findings  are  not  available  at  the  time  of  this  report.  The  correlation 
between  steroid  administration  and  the  appearance  of  posterior  subcapsular 
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cataracts  is  highly  significant  (0.01>  P  >  O.OOl).  Other  potential  factors  of 
etiologic  significance  of  cataract  formation  were  carefully  assessed, 
including  gold  therapy,  salicylate  therapy,  x-ray  exposure,  and  estrogen 
therapy,  as  well  as  calcitun  intaJie.  No  significant  correlation  was  shown 
between  these  factors  and  the  appearance  of  cataracts.  Scientists  in  the 
Ophthalmology  Branch  of  the  NINDB  cooperated  in  these  studies. 

Clinical  Trial  of  New  Antirheumatic  Drugs 

I.  .  6-Alpha  fluorotriamcinolone 

A  second  metabolic  study  involving  this  compound  administered  in  dosages 
of  20  mgm.  has  now  been  completed  by  Dr.  G.  Donald  Whedon  and  his  group.  One 
year  ago  metabolic  studies  of  this  compound  were  carried  out  with  a  patient 
with  rheumatoid  arthritis.  The  data  revealed  the  maintenance  of  a  positive 
calcium  balance  during  the  administration  of  20  mgm.  of  this  steroid  daily. 
The  second  m-;i,abolic  study  completed  during  the  year  I960  was  performed  upon 
a  normal  control  patient,  again  at  a  dosage  of  20  mgm.  daily.  In  this 
instance  a  slightly  negative  calcium  balance  was  induced.  This  compound, 
a'+nough  only  1/2  to  1/3  as  potent  as  dexamethasone  in  ant i -inflammatory 
activity  deserves  further  investigation  in  regard  to  its  effect  on  calcium 
metabolism. 

II.  Hydroxychloroquine 

In  cooperation  with  the  American  Rheumatism  Association's  Woriking 
Committee  on  Cooperative  Clinics,  the  NIH-Georgetown  University  Kheumatology 
Service  is  participating  as  a  member  of  the  Committee  in  therapeutic  trials 
of  hydroxychloroq-oiiie  in  rheumatoid  arthritis.  The  entire  enterprise  embraces 
the  activity  of  10  arthritis  clinics  located  in  various  University  centers 
throughout  the  country.  The  first  clinical  trial  of  hydroxychloroquine  began 
in  Februaiy  of  I960  and  -^s  completed  in  Jiily  of  the  same  year.  Each  patient 
in  the  trial  was  observed  over  a  three-month  period.  The  trial  was  conducted 
as  a  double-blind  study  on  a  total  of  76  patients.  '  The  parameters  of 
Eirthritis  activity  included  the  evaltiation  of  joint  tenderness,  grip  strength, 
ability  to  walV  and  the  erythrocyte  sedimentation  rate.  A  statistically 
significant  difference  was  demonstrated  between  patients  receiving  the  campound 
and  those  receiving  placebo.  Differences  between  the  two  groups  of  patients 
were  observable  as  early  as  one  month  after  the  institution  of  therapy.  No 
significant  side  effects  were  observed  during  the  three-month  period.  It  is 
anticipated  that  another  trial  will  be  instituted  within  the  next  three  months. 

III.  An  Anti-metabolic  Agent 

A  new  evaluation  of  an  anti -metabolic  agent  has  been  underta]£en  in 
patients  with  psoriatic  ai*thrqpathy.  A  double-blind  study  has  been  carefully 
planned.  To  date  four,  of  a  planned  series  of  4-0  patients,  have  been  included 
in  the  trial.  Each  patient  will  be  observed  over  a  period  of  60-80  days  on 
therapy.  During  this  period  the  patients  will  be  on  a  standard  diet.  Careful 
observations  of  joint  inflammation  as  well  as  skin  involvement  will  be  made. 
The  study  is  being  conducted  in  cooperation  with  Dr.  Eugene  Van  Scott  and 
Dr.  Arthiir  Eisen  of  the  National  Cancer  Institute. 
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GASTROENTEROLOGY 

In  keeping  with  the  ohjective  of  studying  the  hlochemlstry  and 
moiphology  of  the  small  Intestine  of  man,  the  gastroenterology  group  has  set 
up  a  large  number  of  chemical  tests  and  other  procedures  for  the  study  of 
intestinal  absorption.  These  have  been  applied  in  the  clinical  projects 
described  below.  A  laboratory  study  of  bile  pigment  metabolism  has  also  been 
started  and  an  enzyme  not  previously  isolated,  has  been  partially  purified. 

I.  The  Effects  of  Radiation  and  Folic  Acid  Anti-metabolites  on  Intestinal 

Absorption  in  Msn 

The  small  bowel  mucosa  is  extremely  sensitive  to  radiation  injury. 
Animal  studies  have  shown  that  exposure  to  radiation  can  produce  not  only 
marked  morphological  changes,  but  also  alterations  in  absorptive  functions. 
To  explore  tbese  obse27vations  in  man,  a  collaborative  study  has  been  initiated 
with  investigators  in  NCI.  Patients  who  are  to  receive  radiation  as  cancer 
chemotherapy  are  evaluated  before  and  after  radiation  exposure  by  assessments 
of  intestinal  absorptive  capacities  and  by  small  bowel  mucosal  biopsy.  Three 
patients  have  been  studied  so  far  and  a  much  larger  series  is  cantemplated. 
The  information  obtained  in  this  study  will  be  important  not  only  in  relation 
to  human  intestinal  physiology,  but  also  in  relation  to  the  effects  of  radia- 
tion on  man. 

Similarly,  animal  studies  have  shown  that  interference  with  folic  acid 
metabolism  can  produce  morphological  and  functional  changes  in  the  small 
intestine.  Again  in  collaboration  with  NCI,  a  study  is  in  progress  to 
evaluate  intestinal  function  before  and  after  patients  with  psoriasis  receive 
methatrexate  therapy. 

II.  Malabsoiption  and  Osteoporosis 

A  long-standing  project  in  NIMD  has  been  devoted  to  studies  of  osteo- 
porosis. In  collaboration  with  the  investigators  working  on  this  problem,  a 
preliminary  survey  has  been  made  to  determine  whether  osteoporotic  patieats 
might  be  suffering  from  clinically  unsuspected  steatorrhea,  a  condition  that 
might  cause  a  drain  on  their  dietary  calcium.  Of  five  patients  studied,  four 
proved  to  have  significant  steatorrhea.  Studies  by  the  gastroenterology  group 
suggested  that  the  steatorrhea  was  not  attributable  to  disease  of  the  small 
intestine.  Future  studies  will  be  directed,  therefore,  at  the  possibilities 
that  pancreatic  or  biliary  disease  might  explain  the  steatorrhea.  The  problem 
of  how  the  steatorrhea  may  be  implicated  in  the  osteoporosis  will  also  be 
investigated. 

III.  Juvenile  and  Advat  Celiac  Disease 

Evidence  of  recent  years  from  other  laboratories  suggests  that  celiac 
disease  of  children  and  nontropical  sprue  of  adults  are  attributable  to  a 
single  Tonderlying  disorder,  that  the  disorder  is  hereditary,  and  that  it  pre- 
disposes an  affected  individual  to  an  injurious  action  of  such  proteins  as 
wheat  gluten.  This  theory  is  under  evaluation  by  the  gastroenterology  groi^). 
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Patients  are  admitted  for  extensive  screening  to  determine  whether  they  are 
susceptible  to  the  toxic  action  of  wheat  protein.  When  a  positive  diagnosis 
is  made,  as  many  of  the  patient's  blood  relations  as  are  available  are 
admitted  to  the  Clinical  Center  in  order  to  study  the  genetics  of  celiac 
disease.  Previous  studies  of  the  genetics  of  celiac  disease  have  relied  only 
on  medical  histories  of  relatives  of  affected  individiials .  In  the  present 
study  carefiol  chemical  evaluations  of  intestinal  absorption  are  carried  out 
and  intestinal  biopsies  are  taken.  Six  members  of  a  single  family  have  been 
studied  in  this  way.  Additional  families  will  be  added  to  the  series  as  they 
are  referred. 

Additional  use  is  made  of  the  biopsy  material  obtained  in  this  project. 
Together  with  Dr.  Samuel  Spicer,  NIAMD,  the  specimens  are  subjected  to  histo- 
chemical  studies  of  their  mucoproteins .   Information  about  the  mucoproteins 
of  the  intestinal  mucosa  of  normal  man  is  extremely  scanty  and  even  less  is 
known  about  disease  states.  Tissues  from  twenty  patients  have  been  obtained 
diiring  the  p:ist  year  and  are  now  under  study. 

IV.  Protein  Metabolism  in  Malabsorption  States 

Malabsorption  of  various  etiologies  is  often  associated  with  low  levels 
of  serum  proteins.  It  has  been  assumed  that  the  deficiency  of  these  proteins 
is  due  to  impairment  of  absorption  of  the  protein  building  blocks  and  conse- 
quent suppression  of  protein  synthesis.  Together  with  Dr.  Thomas  Waldmann, 
NCI,  patients  with  malabsorption  on  the  gastroenterology  service  are  being 
studied  to  characterize  their  protein  metabolism.  Four  patients  of  a 
clinically  unusual  type,  have  been  studied  so  far.  In  some  there  was  evidence 
of  iii5)aired  protein  biosynthesis,  but  in  others  the  protein  deficiency 
appeared  attributable  to  loss  of  protein  by  leakage  from  the  gastrointestinal 
tract.  A  large  series  of  such  cases  will  be  studied  as  appropriate  patients 
become  available  for  study. 

V.  Mammalian  Metabolism  of  Bile  Pigments 

Bile  pigments,  derived  from  the  heme  of  hemoglobin,  are  processed  in 
the  liver,  excreted  via  the  bile  into  the  small  intestine  and  eliminated  in 
the  feces.  A  portion  of  the  intestinal  bile  pigments  is  reabsorbed,  ret\imed 
to  the  liver  and  reexcreted.  The  enzymatically  catalyzed  reactions  that 
occur  during  this  enterohepatic  circulation  of  bile  pigments  have  not  been 
studied  in  detail.  Such  a  study  has  been  initiated  in  this  laboratory  and 
the  first  enzyme  in  this  important  pathway  of  metabolism  has  been  partially 
purified  and  many  of  its  properties  have  been  determined.  After  studies  of 
this  enzyme  are  coniplete,  the  next  one  in  the  sequence  will  be  explored. 
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CLINICAL  ENDOCRINOLOGY  BRANCH 


I.  Carbohydrate  Metabolism 


A.  Glucose 


It  has  been  known  for  some  time  that  mammalian  liver  contains  enzymes 
capable  of  effecting  oxidation  of  the  first  carbon  atom  of  glucose  via  a 
pathway  known  as  the  hexose  monophosphate  shunt  (HMP).   The  quantitative  sig- 
nificance of  this  pathway,  in  the  intact  human  has, not,  however,  been  deter- 
minedjl^  Measurement  of^g  0^  and  blood  glucose  C   after  the  administration 
of  C,    glucose  and  Cg   glucose  have  been  made  in  normal  h-uman  subjects.   It 
was  round  that  data  for  the  kinetics  of  carbon  labeled  bicarbonate  excretion 
were  also  necessary  for  this  formulation.   In  collaboration  with  Dr.  M.  Berman 
of  the  Biomathematics  panel,  a  satisfactory  analysis  of  the  rather  complex 
excretory  patterns  was  obtained.  The  results  show  that  in  normal  man  about 
10^  of  the  total  glucose  is  oxidized  via  the  shunt  pathway.  Preliminary  data 
indicate  that  this  fraction  is  decreased  in  hyperthyroidism.  The  functional 
ijnportance  of  the  shunt  pathway  which  cannot  be  evaluated  from  enzyme  content 
of  isolated  tissues  can  now  be  determined  in  various  diseases. 

Glucose  metabolism  has  also  been  studied  in  isolated  tissues.  In  the 
isolated  rat  diaphragm  it  was  shown  that  the  transport  of  3-deoxyglucose  into 
the  cell  is  unaffected  by  insulin,  and  does  not  furthermore  inhibit  glucose 
transport  nor  interfere  with  glucose  oxidation.  A  rather  extensive  series  of 
studies  have  been  conducted  on  the  metabolism  of  glucose  in  isolated  endocrine 
tissues;  in  particular,  evaluation  of  the  extent  of  the  shunt  pathway  uti- 
lizing carbon  one  and  carbon  six  labeled  glucose  has  been  performed.   It  has 
been  shown  that  in  all  endocrine  tissues  studied  a  very  active  hexose  mono- 
phosphate pathway  is  present.  The  tissues  studied  include  the  adrenal,  ovary, 
testis,  anterior  pituitary,  parathyroid  and  thyroid.  The  thyroid  has  been 
particularly  carefully  studied.  It  has  been  previously  reported  from  this 
section  that  thyroid  stimulating  hormone  (TSH)  from  the  pituitary  in  vitro 
caused  marked  stimulation  of  the  oxidation  of  glucose-1-C   and  to  a  lesser 
extent  the  oxidation  of  glucose  labeled  6-(j      .     This  stimtilation  is  manifest 
5  minutes  after  the  addition  of  TSH  and  is  effective  at  a  concentration  of 
3  X  10  "M.  The  mechanism  of  this  effect  has  been  investigated  and  it  appears 
likely  that  it  is  due  to  an  increased  synthesis  of  triphosphopyridine  nucle- 
otide from  diphosphopyridine  nucleotide,'  since  TSH  causes  a  rise  in  TPN  and  a 
concomitant  fall  in  DPN,  although  the  levels  of  TPNH  and  DPNH  are  not  sig- 
nificantly changed.   It  has  not  yet  been  possible  to  demonstrate  these  effects 
in  cell  free  systems .  Other  agents  have  also  been  found  which  effect  glucose 
metabolism  in  thyroid  slices.  Quite  low  concentrations  of  acetylcholine 
stimulate  both  C-1  and  C-6  labeled  glucose  oxidation  and  increase  glucose  up- 
take. Atropine  inhibits  the  acetylcholine  effect  without  altering  the  TSH 
effect.  There  is  also  partial  inhibition  of  the  acetylcholine  stimvilation  by 
large  amounts  of  iodide.  Epinephrine  and  serotonin  have  also  been  shown  to 
stimiilate  glucose  oxidation  by  thyroid  slices.  This  effect  can  be  observed 
in  cell  free  systems  fortified  with  TPNH.  TSH  has  also  been  shown  to  stimu- 
late the  oxidation  of  labeled  pyruvate  and  acetate  by  thyroid  slices  in  vitro. 
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Pancreatic  islet  cell  tissue  has  been  studied  in  islet  cell  tumors  re- 
moved from  individuals  and  in  the  islet  cell  tissue  of  certain  fish  in  which 
this  tissue  is  present  as  a  discrete  tissue  uncontaminated  by  pancreatic  exo- 
crine glandular  tissue.   In  all  these  specimens  of  islet  tissue  an  active 
hexose  monophosphate  pathway  was  demonstrated.   In  the  tumors  it  was  shown  that 
alloxan  did  not  influence  glucose  oxidation  although  in  one  case  leucine  and 
orinase  appeared  to  stimiilate  oxidation.  The  oxidation  of  glucose  by  islet 
tissue  is  extremely  rapid,  exceeding,  on  a  weight  basis,  that  observed  in 
either  liver  or  heart. 

The  oxidation  of  glucose  by  ovary  and  testis  was  unaffected  by  the 
trophic  hormones,  FSH,  and  LH,  although  in  both  ovary  and  testis  an  active 
shunt  pathway  was  obtained.  The  presence  of  a  shunt  pathway  was  also  demon- 
strated in  the  anterior  pituitaiy  and  ±z   was  shown  that  serotonin  and  cate- 
chol amines  stimiolated  the  formation  of  carbon  dioxide  from  one  labeled  glu- 
cose. The  glucose  metabolism  in  adrenal  tissue  was  studied  and  an  active 
shunt  pathway  was  demonstrated.   Interestingly  enough  neither  ACTH  nor  cyclic 
3' 5'  AMP  had  an  effect  on  oxidation  of  glucose. 

Metabolism  of  glucose  by  the  mammary  gland  has  also  been  studied. 
Pi'ulactin,  growth  hormone  and  ACTH  have  all  been  shown  to  be  active  in  stimu- 
lating the  oxidation  of  carbon  labeled  glucose  by  slices  of  rat  lactating 
mammary  glands .  The  same  hormones  have  also  been  found  to  increase  the 
glucose  uptake  in  mammary  gland.  Glands  obtained  at  the  end  of  lactation 
were  found  to  be  extremely  responsive  to  these  hormones  and  as  little  as  5  M-S 
were  effective. 

B.  Insulin  Metabolism 

Studies  on  the  metabolism  of  insulin  have  been  continued  and  it  has 
Deen  demonstrated  that  in  the  isolated  perfused  rat  liver  ins-ulin  prevents 
the  release  of  potassium  into  the  perfusate.  During  control  perfusions  in 
the  course  of  60  minutes,  approximately  7  l/2^  of  the  liver  potassium  was  re- 
leased into  the  perfusate,  with  a  proportional  loss  of  water.  The  addition 
of  insiilin  to  the  perf\ising  medium  prevented  both  the  potassium  and  the  water 
loss.  There  appeared  to  be  no  significant  effect  of  insulin  on  the  net  he- 
patic release  of  glucose.  As  was  noted  in  last  year's  report,  the  cooling  of 
the  perfused  liver  inhibits  the  metabolism  of  insiAlin  but  does  not  interfere 
with  binding  of  insulin  by  liver  cells .  To  study  further  this  phenomenon  a 
fluorescent  derivative  of  insulin  has  been  prepared  by  the  reaction  of  fluo- 
rescein isothiocyanate  with  crystalline  insulin.  A  preparation  so  obtained 
has  been  shown  to  retain  60<fo   of  its  hypoglycemic  activity.  Preliminary  ex- 
periments have  shown  that  this  derivative  is  strongly  bound  to  leucocytes  and 
not  to  red  cells.   It  will  shortly  be  tested  in  the  liver  perfusion  system. 
Work  has  continued  on  assay  of  biological  materials  for  insulin-like  activity 
and  several  malignant  tumors  have  been  assayed.  These  tumors  have  been  as- 
sociated with  hypoglycemia  and  in  two  of  three  studied,  an  extract  was  ob- 
tained which  increased  glucose  uptake  in  the  isolated  diaphragm.  In  one  ex- 
tract stimulation  of  glycogen  deposition  which  was  partially  blocked  with 
plasma  containing  insulin  antibodies  was  noted.  This  rather  bizzare  apparent 
synthesis  of  insulin  by  non-pancreatic  carcinomatous  tissue  is  under  further 
study. 
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C.  Galactose  Metabolism 

Further  studies  have  continued  on  the  metabolism  of  carbon  labeled 
galactose  in  individuals  having  the  disease  galactosemia.  In  collaboration 
with  Dr.  Topper,  it  has  been  found  that  menthol  stimulates  galactose  oxidation 
in  these  subjects  but  not  in  normals.  Eemolysates  from  galactosemic  indi- 
viduals failed  to  oxidize  galactose  and  cannot  be  stimulated  but  hemolysates 
from  individuals  bearing  the  galactosemia  trait  show  marked  increase  in  ga- 
lactose oxidation  when  pyruvate  is  added  to  the  medium.  This  suggests  that 
in  ohe  presence  of  even  a  small  amount  of  transferase,  stimulation  of  the 
i|— epimerase  (as  with  added  pyruvate)  accelerates  the  overall  oxidation  of  ga- 
lactose.  Interestingly  enough  the  accumulation  of  galactose-1 -phosphate  in 
leucocytes  does  not  appear  to  alter  the  pathway  of  glucose  metabolism  in 
these  cells .  Galactose  metabolism  has  also  been  studied  in  the  rat  and  it 
has  been  shown  that  in  the  experimentally  hyperthyroid  rat  there  is  an  ac- 
celerated disposal  of  galactose.   Rats  fed  a  30^  galactose  diet  have  been 
shown  to  have  an  amino  aciduria  quite  similar  to  that  seen  in  individual s 
with  congenital  galactosemia.  The  main  amino  acids  excreted  are  taiirine, 
alanine,  aspartic  and  glutamic  acid.  Further  studies  have  continued  on  the 
oxi  dation  of  galactose  by  human  leucocytes  and  it  has  been  shown  that  leuco- 
cyte 3  from  galactosemic  individuals  are  virtually  unable  to  oxidize  galactose 
whereas  leucocytes  from  individuals  apparently  harboring  the  galactosemia  gene 
metabolize  only  approximately  5U^  or  the  galactose  that  normal  individuals  do. 
Thus  it  seems  that  individuals  bearing  this  recessive  trait  can  be  identified 
by  study  of  galactose  metabolism  in  isolated  leucocytes.  In  collaboration 
with  Dr.  Krooth  of  the  National  Cancer  Institute,  skin  and  bone  marrow  cells 
have  been  grown  in  tissue  cultiire  for  up  to  6  months.  Galactosemic  cells 
showed  almost  no  growth  when  the  sole  carbohydrate  source  was  galactose, 
whereas  normal  cells  grew  as  well  with  galactose  as  with  glucose.  Galacto- 
semic cells  grown  in  glucose  grew  reasonably  well  but  after  some  months  of 
growth  were  still  unable  to  oxidize  galactose  to  carbon  dioxide.  Further 
studies  of  carbohydrate  metabolism  on  leucocytes  from  normal  individuals, 
patients  with  glycogen  storage  disease  and  Hurler's  syndrome  have  been  per- 
formed. It  has  been  shown  that  normal  white  cells  have  appreciable  amounts 
of  phosphorylase  and  glycogen  but  leucocytes  from  individuals  with  glycogen 
storage  disease  had  unusually  low  levels  of  phosphorylase  although  the  glyco- 
gen content  was  normal.   Children  with  H\arler's  syndrome,  on  the  other  hand, 
had  unusually  low  glycogen  levels  in  their  leucocytes.  Further  studies  on 
these  individuals  are  now  imder  way  to  determine  the  defect  in  this  syndrome. 

II.  The  Biochemistry  of  the  Thyroid 

A.  Iodide  Transport 

The  iodide  concentrating  mechanisms  of  thyroid,  mouse  submaxillary, 
rat  mammary,  and  rat  thyroid  tumor  tissue  slices  has  been  studied.  The 
tissue/medium  ratio  of  I^-^  (t/m)  is  greater  for  thyroid  tissue  than  for  all 
other  tissues  and  in  all  four  tissues  is  reduced  to  half  the  control  value  at 
from  1  -  3  X  lO'  M  iodide  concentration.  The  difference  in  the  t/m(I  )  ap- 
peared to  be  a  fimction  of  the  capacity  of  the  system  rather  than  the  affinity 
for  iodide  ion.  In  all  four  tissues  iodide  concentration  was  a  function  of 
the  external  potassiijm  concentration  with  half  maximal  stimulation  attained 
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at  approximately  10  ^  added  potassium.  The  glycosides,  oixabain  and  scilliro- 
side  depress  the  t/m  ratio  in  all  foiir  tissues  which  depression  can  be 
partially  reversed  by  the  addition  of  potassium,  rubidium,  or  cesium  ions. 
Preliminary  results  show  that  there  is  a  minimum  size  requirement  in  salivary 
and  thyroid  tissues  for  monovalent  anion  accumulation  and  ions  of  somewhat 
greater  partial  molar  ionic  volume  than  iodide  such  as  pertechnetate  and 
perrhenate  show  greater  affinity  constants  for  thyroid  tissue  than  iodide. 
There  is  also  a  potassium  requirement  for  the  concentration  of  these  ions  and 
the  inhibitor  effects  suggests  that  tnelr  acctmiulation  occurs  by  a  process 
similar  to  iodide  concentration. 

B.  Phospholipid  Metabolism  in  -one  Tnyroxa 

■32 

Phospholipid  metabolism  using  P   has  been  studied  in  thyroid  slices 

ana  humogenates .   It  has  been  shown  that  in  thyroid  slices  P^  uptake  j.s 
stimiilated  by  TSH  and  inhibited  by  digitalis  glycosides.  The  inhibition  by 
digitalis  g3vcosides  is  largely  overcome  by  increasing  the  potassium  con- 
centration in  the  medium.  These  effects  are  very  similar  to  those  seen  with 
iodide  concentration  by  the  thyroid  suggesting  that  there  may  be  some  re- 
lationship between  phospholipid  synthesis  and  iodide  transport.  The  main 
phospholipid  synthesized  in  response  to  TSH  appears  to  be  phosphatidyl  in- 
ositol. Preliminaiy  experiments  have  been  performed  attempting  to  extract  a 
phospholipid  from  the  thyroid  which  in  in  vitro  systems  will  concentrate  io- 
dide. After  extraction  and  chromatography  on  silica  gel  a  lecithin  like 
phospholipid  has  been  obtained  which  will  cause  a  small  amount  of  iodide  con- 
centration under  the  following  circumstances:  Iodide  is  normally  distributed 
between  water  and  chloroform  to  the  extent  of  several  thousand  times  in  favor 
of  water.  If  this  phospholipid  extracted  from  the  thyroid  is  present  in  the 
chlorofoim  phase  approximately  equal  partition  between  the  two  solvents  is 
obtained.  Chromatography  of  the  radioactive  iodine  in  the  chloroform  phase 
shows  it  to  behave  as  iodide.  Cell  free  systems  of  thyroid  gland  incorporate 
almost  no  phosphate  into  phospholipids  in  spite  of  supplementation  with  a 
variety  of  cof actors.  However  an  homogenate  system  can  be  obtained  which  will 
synthesize  phosphatidic  acid  from  P^  labeled  alpha-glycerol  phosphate.  This 
step,  however,  does  not  appear  to  be  effected  by  TSH,  by  potassium,  or  by 
digitalis  glycosides. 

C.  lodoproteins  in  the  Thyroid 

The  iodoproteins  of  the  thyroid,  particularly  thyroglobulin,  have 
been  the  object  of  a  rather  extensive  study  in  the  past  year.  Thyroglobulin 
has  been  chromatographed  on  diethylaminoethylcellulose.   It  has  been  shown 
that  thyroglobulin  apparently  homogenous  with  respect  to  sedimentation  in  the 
ultracentrifuge  can  be  separated  into  three  separate  components  on  this  ion 
exchange  colimm.  Preliminary  studies  have  failed  to  disclose  the  chemical 
basis  for  the  heterogeneity  which  is  now  under  study.  The  iodination  of 
thyroglobulin  in  vitro  has  been  studied  and  it  has  been  shown  that  in  water 
at  pH  9  only  relatively  small  amoimts  of  iodine  are  incorporated  into  tyro- 
sine.  In  8  Molar  lirea,  however,  or  in  detergent  almost  all  the  tyrosyl 
groups  appear  to  be  equally  reactive  toward  iodine,  suggesting  that  a  sub- 
stantial proportion  of  the  tyrosine  residues  are  either  buried  in  the  protein 
or  bonded  in  some  way  as  to  inhibit  iodination  at  pH  9»  This  correlates 
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reasonably  well  with  the  titration  of  thyroglobulin  which  shows  that  a  sub- 
stantial proportion  of  the  tyrosine  groups  in  thyroglobulin  have  an  abnormal 
pK  being  almost  1  l/2  units  more  alkaline  than  the  pK  of  free  tyrosine.  Re- 
cently a  third  type  of  tyrosyl  group  constituting  about  155^  of  the  total  has 
been  discovered.  These  tyrosyl  groups  do  not  begin  to  ionize  until  the  pH  of 
about  12  1/2  is  reached  and  they  then  ionize  at  a  rate  which  may  be  followed 
spectrophotometrically.   Concomitant  with  these  changes  there  are  seen  changes 
in  the  molecular  size  and  a  fairly  symmetrical  bo\mdary  in  the  ultracentrifuge 
occurs  which  has  a  sedimentation  constant  of  about  6.  This  is  the  minimum 
size  so  far  observed  in  aqueous  media  for  this  protein.   In  collaboration  with 
Dr.  R.  F.  Steiner  of  the  Naval  Medical  Research  Institute,  thyroglobulin  has 
been  studied  with  the  polarization  of  fluorescence  technique.   In  this  case, 
conjugation  with  dimethylaminonaphthalene  sulfonyl  chloride  has  been  :  used. 

The  effects  of  treatment  with  lorea,  guanidine  or  detergent  are  more  pro- 
found than  those  resulting  from  thermal  or  alkaline  denaturation.   In  each 
case,  the  transition  is  gradual.   In  no  instance  was  any  evidence  of  a  co- 
operative process  obtained.   In  detergents,  urea  and  guanidine  the  transition 
is  essentially  reversible.  The  loosening  of  the  macromolecular  structure  by 
the  latter  reagents  renders  the  disulfide  bridges  susceptible  to  the  action 
of  reducing  agents .  However,  even  after  reduction  considerable  internal 
rigidity  remains. 

More  recently  studies  have  been  undertaken  on  the  structure  of  thyro- 
globulin as  revealed  by  its  antigenic  properties.   It  was  fovind  that  a  fully 
hydrolyzed  preparation  of  thyroglobulin  retained  the  ability  to  precipitate 
rabbit  antibodies  to  whole  thyroglobulin  as  determined  in  gel  diffusion.  This 
was  true  when  trypsin,  chymotrypsin  or  pepsin  were  used  for  hydrolysis.  The 
hydrolysate  contained  a  mixture  of  components  with  an  average  sedimentation 
constant  of  3  to  4,  On  prolonged  hydrolysis  even  smallarfragments  are  obtained 
which  are  dialyzable  and  which  have  the  capacity,  albeit  minimal  to  precipi- 
tate rabbit  antibodies  and  are  capable  of  inhibiting  the  precipitation  of 
native  thyroglobiilin  with  anti-serum.  These  active  components  have  been 
fractionated  using  sephadex  and  dialysis  and  it  now  appears  that  some  of  them 
have  a  molecular  weight  below  10,000.  ^ 

D.  Thyroxine  and  lodo tyrosine  Synthesis 

In  order  to  study  the  structural  features  of  the  thyroxine  molecular 
necessary  for  its  biological  activity  a  variety  of  thyroxine  analogues  have 
been  synthesized.  These  include  the  following: 


HO 


I^.^    ^v^  /  COOC2H5 

_y  \\-_  0  -M   \) CHp  CH 


\  COCE 
I        I  ^  COOC2H5 
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An  interesting  synthesis  of  thyroxine  which  results  in  a  rather  high 
yield  has  been  studied.   In  this  synthesis  diiodotyrosine  and  its  keto  ana- 
logue 3^5-(iiiodo-4-hydroxyphenylpyruvic  acid  (HPPA)  are  used.  A  number  of 
experiments  were  carried  out  to  determine  the  structural  features  of  HPPA 
required  in  this  synthesis.  The  requirement  for  a  three  carbon  atom  side 
chain  and  for  a  free  keto  group  seem  to  be  so  far  absolute.  Furthermore,  the 
acylamino  acid  in  which  HPPA  is  peptide  linked  to  glycine  is  also  not  ef- 
fective.  Incubation  in  the  presence  of  ninhydrin  in  order  to  form  the 
3,5-<3.iiodo-4-hydroxyphenylacetaldehyde  in  situ  inhibited  the  synthesis  of 
thyroxine.  Studies  with  both  radioactive  diiodotyrosine  and  radioactive  HPPA 
have  shown,  at  least  in  preliminary  form,  that  one  molecule  of  HPPA  reacts 
with  one  molecule  of  DIT.  Because  of  the  yield  and  for  other  reasons,  it  had 
been  suspected  that  perhaps  HPPA  might  act  only  as  a  catalyst .  It  now  seems 
to  actually  be  incorporated  into  the  thyroxine.   In  the  process  of  this  study, 
it  was  necessary  to  investigate  the  synthetic  methods  for  the  preparation  of 
keto  acid  peptides.  A  variety  of  methods  used  for  peptide  syntheses  were  in- 
vestigated and  all  except  the  reaction  of  HPPA  with  benzyl  carbamate  seemed 
to  require  l-locking  of  the  enolic  hydroxyl  by  some  sort  of  protective  group. 

Because  of  uncertainties  concerning  the  quanitation  of  relative  amounts 
of  iodinated  tyrosines  and  thyronines  in  the  thyroid  and  blood,  reinvestigation 
of  this  problem  was  undertaken  using  a  method  of  isotopic  equilibrium.  This 
method  was  validated  with  the  finding  that  calciolated  and  analyzed  iodine 
values  for  thyroid  iodine  and  for  blood  iodine  agreed  relatively  closely.   In 
rats  on  a  relatively  generous  iodine  diet,  the  molar  ratios  of  MIT,  DIT,  T. 
and  T-  in  the  thyroid  were,  respectively,  9,  15,  5,  and  1.  In  the  serum,  it 
was  shown  that  thyroxine  accounted  for  approximately  95?^  of  the  serum  iodine 
and  triiodothyronine  for  approximately  h-%.     Kinetic  studies  of  metabolism  of 
these  amino  acids  and  their  volume  of  distribution  coupled  with  the  higher 
potency  of  triiodothyronine  sioggests  that  in.  the  rat  almost  half  of  the  meta- 
bolic activity  of  the  thyroidal  secretions  is  accounted  for  by  triiodo- 
thyronine. For  the  analysis  of  iodothyronines  high  voltage  electrophoresis 
has  been  investigated  and  several  organic  solvents,  formamide -glycine,  pyri- 
dine-aqueous  ammonia,  and  dimethyl formamide -aqueous  ammonia  have  been  found 
to  be  very  satisfactory  for  separation  of  iodotyrosines  and  iodothyronines. 
Also  a  method  was  developed  for  the  detection  of  iodinated  materials  on  paper 
chromatograms  or  electrophoretic  runs  in  which  the  cerate  arsenite  reaction 
was  used  and  alpha-phenanthroline  ferrous  sulfate  was  employed  as  an  indi- 
cator. This  is  highly  sensitive  and  reasonably  specific. 

E.  Hormone  Transport  in  Blood 

Studies  of  thyroxine  binding  proteins  have  continued.  An  explanation 
for  the  ability  of  a  variety  of  drugs  to  lower  the  serum  PBI  has  been  ob- 
tained.  It  has  been  shown  that  salicylate  and  dinitrophenol  will  competi- 
tively inhibit  thyroxine  binding  to  the  prealbumin  moiety  of  human  plasma. 
Two  additional  drugs,  tetrachlorothyronine  and  diphenylhydantoin  have  been 
shown  to  compete  with  thyroxine  for  binding  sites  on  the  thyroxine  binding 
alpha  globiolin.  All  four  of  these  drugs  cause  a  lowering  of  the  serum  PBI 
apparently  by  interfering  with  thyroxine  binding  so  that  the  concentration  of 
free  thyroxine  is  elevated,  hence  its  degradation  accelerated  and  a  new  steady- 
state  in  which  the  normal  level  of  free  thyroxine  is  reached  whereby  the 


total  thyroxine  is  lowered.  Studies  have  been  continued  in  collaboration  with 
Dr.  Blumberg  on  two-dimensional  paper  and  starch  gel  electrophoresis  of  thy- 
roxine binding  proteins  and  serum.  The  identity  of  band  1  as  seen  in  starch 
gel  with  pre-albumin  as  demonstrated  in  electrophoresis  in  ammonium  carbonate 
buffer  has  been  established.  The  identity  of  the  thyroxine  binding  globulin 
with  band  h   in  starch  gel  also  seems  fairly  clear.  Work  has  progressed  on  the 
isolation  of  a  corticosteroid  binding  protein  from  serum.  Chromatography  on 
DEAE  and  Ca  phosphate  gel  have  resulted  in  over  100  fold  purification.  This 
binding  protein  runs  just  behind  albumin  on  starch  gel  electrophoresis. 

F.  The  Effect  of  Thyroxine  on  Isolated  Enzyme  Systems 

Earlier  work  on  inhibition  of  dehydrogenases  by  thyroxine  has  been 
extended.  The  native  molecule  of  glutamic  dehydrogenase  (GDH)  has  a  sedi- 
mentation rate  of  ~26S.  Thyroxine  causes  dissociation  into  \mits  of— l^+S 
and  inhibition  of  enzymatic  activity.  Other  halogenated  phenols  cause  dis- 
sociation and  inhibition  in  about  the  same  ratio.   ADP  and  5 '-AMP  reverse  the 
thyroxine  induced  inhibition  and  cause  reassociation  of  GDH.  The  kinetics  of 
inhibition  of  thyroxine  and  TPN,  DPN  and  ADP  favor  binding  of  thyroxine  at  the 
second  site  on  the  enzyme.   Of  considerable  interest  is  the  retention  of  action 
by  'che  thyroxine  treated  (and  hence  dissociated)  enzyme  with  nerval  ine  as  a 
substrate.  Furthermore,  the  dissociated  enzymes  action  on  norvaline  is  in- 
hibited by  ADP.     '- 
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METABOLIC  DISEASES  BRANCH 

Mineral  Metabolism  Studies 

I.   Significance  of  the  Dietary  Calciijm  Intake  in  Pathogenesis  of 
Osteoporosis. 

Metabolic  studies  from  this  Branch  are  continuing  to  produce  perti- 
nent evidence  of  the  Important  relationship  of  dietary  calcium  intake  to  the 
pathogenesis  and  possible  therapy  of  post -menopausal  and  senile  osteoporosis, 
a  disorder  estimated  to  affect  approximately  one-fourth  of  all  women  over  the 
age  of  fifty  years.  As  the  result  of  this  work,  the  concept  of  altered  bone 
metabolism  in  osteoporosis  Is  being  expanded  toward  recognition  of  a  dual  set 
of  influences,  hormonal  and  nutritional,  and  the  idea  of  a  complex  etiology 
is  gradually  being  more  widely  appreciated. 

Prior  metabolic  balance  studies  by  this  Branch  have  demonstrated  the 
highly  significant  positive  relationship  between  the  level  of  calcium  Intake 
in  the  diet  and  calcium  storage  in  patients  with  this  disease.  Radioisotopic 
studies  with  calcium-45  in  revealing  a  normal  rate  of  deposition  of  calcium 
in  new  bone  formation  in  osteoporosis,  have  pointed  to  bone  resorption  as  an 
Important  mechanism  by  which  demlnerallzation  develops  in  this  disease,  a 
mechanism  previously  accorded  little  significance.  In  ill'uminatlng  the  Im- 
portance of  resorption,  the  studies  have  Indicated  the  inadequacy  of  the  long- 
held  previous  concept  of  the  pathogenesis  of  osteoporosis  solely  as  impaired 
osteoid  matrix  formation  resulting  from  gonadal-cortlcoid  hormonal  imbalance. 

Recent  studies  by  this  Branch  continue  progressively  to  indicate  the 
complex  nature  of  the  pathogenesis  of  osteoporosis,  suggesting  partlciolarly 
at  present  different  processes  by  which  Intestinal  absorption  and  utilization 
of  calcium  may  be  Impaired.  A  small  group  of  patients  with  osteoporosis  has 
been  found  which  do  not  store  calcium  well  even  when  the  intaJie  of  this  miner- 
al is  raised  to  very  high  levels.  The  initial  common  finding  is  steatorrhea 
at  a  sub-clinical  level.  Collaborative  studies  are  in  progress  with  the  Clini- 
cal Gastroenterology  group  of  this  Institute  in  an  effort  to  characterize  the 
steatorrhea  In  these  patients,  whether  of  intestinal  mucosal  origin  or  pan- 
creatic, and  investigation  is  being  made  of  the  interrelationships  of  fat  and 
mineral  intestinal  absorption.  Preliminary  observations  suggest  In  some  of 
these  patients  an  abnormality  of  sweat  electrolyte  excretion  similar  to  that 
seen  In  the  heterozygous  carrier  state  of  cystic  fibrosis. 

II.  Studies  of  Mechanisms  of  Hormonal  and  Nutritional  Influences  on  Bone 
Metabolism. 

Balance  and  radioisotopic  studies  of  calcium  accumulation  and  turnover 
are  continuing  in  patients  with  a  variety  of  bone  diseases  under  the  Influence 
of  a  number  of  nutritional  and  hormonal  factors.  Recent  refinement  of  isotoplc 
techniques  is  now  making  it  possible  to  evaluate  isotope  excretion  curves  for 
30  to  i<-0  days  after  administration  of  a  tracer  dose,  so  that  It  is  anticipated 
that  these  extended  data  will  provide  significant  infoimation  on  rates  of  bone 
resorption  as  well  as  on  currently  calc\J.atable  rates  of  "bone  formation." 
Utilization  or  tolerance  tests  of  the  handling  of  Intravenously  administered 


- 19  -  813 


citrate  and  calcium  are  also  being  employed  for  analysis  of  mineral  dynamics . 
Calcium  tolerance  studies  thus  far  suggest  two  sites  of  action  of  cortico- 
steroids in  the  metabolism  of  calcivmi,  one  at  the  level  of  bone  and  the  other 
involving  renal  excretion;  possible  action  at  the  intestinal  mucosa  cannot  be 
detected  by  this  technique. 

A  66   day  metabolic  balance  study  on  a  normal  control  volunteer  was 
conducted  to  examine  the  metabolic  effects  of  a  new  synthetic  6-alpha-fluori- 
nated  corticosteroid.  Previous  study  on  this  project  of  a  patient  with  active 
rheumatoid  arthritis  had  demonstrated  that  administration  of  this  compound  re- 
sulted in  a)  absence  of  significant  sodium  and  water  retention  or  of  potassi\mi 
loss,  b)  nitrogen  loss  as  anticipated,  c)  slight  decrease  in  urinary  calclim, 
and  d)  after  brief  initial  fecal  loss  of  calcium,  progressive  calcium  reten- 
tion. The  normal  subject  showed  similar  results  with  respect  to  nitrogen  and 
electrolytes  but  a  consistent  increase  in  fecal  calcium.  These  results,  after 
comparison  with  similar  studies  by  this  laboratory  with  other  corticosteroids 
and  other  patients,  both  normal  and  with  rheumatoid  arthritis,  suggest  that  a 
different  mc^^:;  of  action  of  the  corticosteroids  on  calcium  metabolism  exists 
in  patients  with  rheumatoid  arthritis  as  compared  with  normal  subjects. 
IHiether  this  different  action  has  its  principal  locus  in  bone  or  in  intestinal 
mujosa  is  not  yet  clear. 


Studies  of  Human  Total  Energy  Metabolism 

I.  Direction  of  Current  Studies  in  Obesity;  Definition  of  a  Suspected 
Clinical  State  of  "Hypophagic  Obesity",  Investigation  of  Endocrine  Influences 
in  Obesity. 

The  Metabolic  Chamber  group  is  putting  greatest  effort  into  studies 
of  obesity  because  of  importance  of  the  latter  as  a  major  health  problem,  a 
problem  susceptible  in  part  to  attack  by  precise  measurements  of  total  energy 
expendit\ire . 

The  principal  question  under  study,  which  if  settled  we  believe  woiold 
constitute  a  significant  contribution  to  the  very  complex  matter  of  human  o- 
besity,  is  to  establish  or  disprove  the  existence  of  a  "species"  of  obese 
human  beings  which  imder  conditions  of  normal  household  activity  can  maintain 
their  body  weight  at  caloric  intake  levels  (less  than  I3OO  calories/day)  which 
would  be  inadequate  for  most  other  individuals;  this  state  has  been  termed 
"hypophagic  obesity."  Prior  studies  by  Olson  and  others  have  not  included 
body  composition  measurements  (such  as  fat-free,  water-fre^mas^,  sometimes 
called  "metabolic ally  active  tissue")  to  provide  an  appropriate  standard  of 
reference  for  comparison  of  subjects  nor  accurate  measurement  of  energy  ex- 
penditure (precision  of  Metabolic  Chamber  for  continuous  2k  hour  determination 
+  100  Kilo-calories  or  less),  nor  has  caloric  balance  been  followed  for  peri- 
ods long  enough  to  be  certain  that  weight  maintenance  on  a  low  caloric  intake 
did  not  represent  merely  fluid  retention,  disguising  the  loss  of  body  fat  which 
would  provide  extra  calories .  Studies  being  conducted  for  the  Chamber  are 
rectifying  these  deficiencies  and  include  close  observation  of  extent  of  physi- 
cal activity  and  measurement  of  a  variety  of  biochemical  and  metabolic  indices. 
Active  collaboration  with  Dr.  Robert  Olson,  Professor  of  Biochemistry,  Univer- 
sity of  Pittsburgh  School  of  Public  Health,  is  planned  for  the  winter  of  196I 
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when  he  will  begin  to  msike  available  to  us  certain  patients  he  has  charac- 
terized as  having  "hypophagic  obesity." 

Current  concepts  of  "metabolic"  obesity  include  the  possibility  that 
there  is  a  group  of  individuals  genetically  predisposed  to  obesity  by  way  of 
abnormal  rates  of  fat  synthesis  or  mobilization,  perhaps  intensified  by  physi- 
cal inactivity.  Another  possibility,  it  seems  to  us,  is  that  an  originally 
normal  individual  first  develops  excess  body  fat  through  overeating;  it  then' 
becomes  difficult  for  him  to  lose  body  fat  because  obesity  may  initiate  a 
group  of  influences  (physical,  physiologic  and  endocrine-metabolic)  which  pro- 
mote the  maintenance  of  positive  caloric  balance;  evidences  for  a  number  of 
these  influences  are  accumulating  in  studies  of  excessively  obese  subjects. 
The  most  provocative (preliminary) finding  along  these  lines  is  the  pattern  of 
urinary  corticosteroid  excretion  which  resembles  a  functional  Cushingold  state; 
an  abnormal  pituitary-adrenal  cortical  influence  in  obesity  would  tend  to  re- 
tard fat  mobilization  and  utilization. 

II.   Interrelationships  of  Exercise  and  Caloric  Eestriction  in  Weight 
Reduction  in  Obesity. 

Current  studies  of  obesity  have  been  directed  primarily  toward  study 
of  the  relative  Influence  of  enforced  energy  expenditure  by  exercise  on  ap- 
petite and  on  rate  of  weight  loss  during  caloric  restriction,  and  also  study 
of  work  capacity  (cardio -pulmonary  function  during  exercise)  in  the  obese 
subject*  Studies  thus  far  on  four  obese  women  and  on  four  women  of  normal 
weight  have  indicated  the  following  principal  findings  among  several  noted: 
l)  Exercise  clearly  contributed  to  the  daily  negative  caloric  balance  on  in- 
takes of  650  to  1000  kllocalorles  per  day,  as  demonstrated  by  24  hour  measure- 
ments of  energy  expenditure  in  the  Metabolic  Chamber;  and  2)  Energy  expendi- 
ture at  standard  treadmill  rates  and  slopes  decreased  progressively  as  body- 
weight  was  lost  by  obese  subjects;  when  obese  subjects  were  re-loaded  with  a 
canvas  vest  containing  lead  shot  to  a  previous  natural  weight,  energy  ex- 
penditure per  unit  weight  transported  was  usually  less,  indicating  inefficient 
transport  of  obesity  tissue  as  compared  to  inert  weight. 

Ill,  Energy  Metabolism  in  the  Cold;  Relationships  to  Body  Fat  Content; 

A  paper  is  In  preparation  on  a  study  of  the  energy  metabolic  response 
to  50  F  exposure  Involving  8  male  and  1  female  subjects  ranging  in  body  fat 
content  from  15  to  45^.   In  summary  of  the  principal  findings,  a  specific 
formula  was  derived  (with  the  aid  of  Dr.  J.  Z.  Hearon,  Office  of  Mathematical 
Research,  NIAMQ)  for  the  inverse  relationship  between  percent  body  fat  and 
resting  heat  production  (energy  expenditure  response)  per  \init  of  body  svir- 
face  area.   It  was  demonstrated  clearly  that  when  obese  subjects  are  exposed 
to  cold,  their  relatively  small  metabolic  response  results  in  a  net  saving 
of  energy  as  compared  to  the  energy  balance  situation  in  a  lean  individual; 
this  represents  a  modest  but  definite  influence  acting  toward  maintenance  of 
positive  caloric  balance  In  the  obese.  Body  Insulation  was  found  to  be  di- 
rectly related  to  the  amount  of  body  fat,  but  not  completely  accounted  for 
by  body  fat.  Wide  individual  differences  in  metabolic  response  were  noted 
among  subjects  matched  in  age,  previous  cold  exposure  and  body  fat  content. 
The  subjective  reaction  to  cold  was  unrelated  to  the  metabolic  response;  in 
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other  words,  well  ins\ilated  obese  Individuals  displaying  less  metabolic  re- 
sponse in  calories  expended  than  thin  subjects  either  might  or  might  not  dis- 
play as  intense  a  subjective  discomfort  in  the  cold.  Metabolic  response  in 
the  cold  was  periodic,  occurring  in  cycles  having  periods  of  7  and  l8  minutes; 
the  18  minute  peaks  were  associated  with  frank  miiscular  shivering.  Charac- 
terization of  the  metabolic  response  to  cold  with  the  precision  indicated  would 
not  have  been  possible  without  instrumentation  of  the  sort  built  into  the  NIAMD 
Metabolic  (Chamber. 


Clinical  Hematological  Research  (Studies  in  Blood  Diseases) 

1.  Studies  of  the  Initial  Stages  of  Blood  Coagulation 

During  the  past  year,  these  studies  have  involved  chiefly  evsiluation 
of  the  metabolx.'im  of  antihemophilic  factor  (AHF)  and  the  role  of  ABF  in  throm- 
boplastin formation.   It  is  well  known  that  most  clotting  factors  are  synthe- 
sized in  the  liver  because  various  factors  become  deficient  at  different  stages 
of  hppatic  dysfunction.  However,  AHF  never  becomes  depressed  with  liver  dis- 
ease (or  even  following  hepatectomy  of  experimental  animals),  and  moreover  is  ■ 
not  depressed  by  any  other  disease  process.  Therefore  it  has  not  been  possible 
to  induce  AHF  deficiency  to  assess  regeneration  rates  in  animals  capable  of 
forming  this  substance. 

Opportunity  to  study  acquired  AHF  deficiency  was  afforded  by  the 
finding  in  three  patients  of  an  unusual  coagulation  abnormality  which  proved 
to  be  complete  deficiency  of  AHF  due  to  an  abnormal  component  in  the  gamma 
globulin  fraction  of  plasma  which  specifically  inactivates  this  factor.  The 
patients  studied  were  two  elderly  females,  both  of  whom  had  elevated  gamma 
globiolin  levels,  and  a  middle  aged  man  who  had  a  normal  gamma  globvilin  level. 
In  each  case  there  was  no  underlying  disease  and  no  apparent  reason  for  de- 
velopment of  the  abnormal  gamma  globulin.  Although  the  physical  chemical 
properties  of  the  gamma  globulin  are  those  of  a  7S  antibody  and  its  combina- 
tion with  AHF  is  stoichiometric,  it  does  not  fix  complement  with  or  precipi- 
tate AHF,  and  therefore  cannot  be  classified  as  yet  as  a  true  antibody.  Of 
particular  interest  was  the  finding  that  the  anti-AHF  in  as  little  as  25  ml. 
of  a  patient's  plasma  woiild  produce  a  marked  AHF  deficiency  in  a  normal  hiaman 
being,  as  well  as  in  laboratory  animals .  This  has  permitted  for  the  first 
time  an  evaluation  of  regeneration  rate  of  AHF  in  normal  individuals  and 
animals  and  provides  a  means  of  determining  the  site  of  synthesis  of  AHF. 

Another  aspect  of  the  work  has  been  experimental  treatment  for  the 
acquired  disease.  Both  plasmapheresis  and  exchange  transfusions  have  been 
used,  the  latter  approach  having  produced  a  remarkable  clinical  remission. 
Methods  of  assaying  effects  of  the  inhibitor  during  initial  stages  of  co-  . 
agulation  have  been  developed  and  are  being  used  to  determine  the  step  in 
which  AHF  is  involved  in  formation  of  thromboplastin. 

II.  Further  Studies  of  the  Effect  of  Divalent  Ion  Chelators  on  Blood 
Coagulation  Factors 

These  studies  have  shown  that  calcium  not  only  is  an  integral  part 
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of  AHF  and  Factor  V,  but  also  is  strongly  bound  to  fibrinogen.  Some  years  ago 
it  was  found  that  EDTA  interfered  with  the  coagulant  properties  of  fibrinogen, 
and  it  has  generally  been  assumed  that  chelation  of  ionic  calcium  was  responsi- 
ble for  this  effect.  Our  recent  studies  employing  highly  purified  fibrinogen 
indicate  that  fibrinogen  contains  5  to  10  atoms  of  firmly-bound  calciijm  per 
molecule,  and  that  EDTA  forms  a  complex  with  the  calcium  attached  to  fibrino- 
gen, rather  than  effecting  a  reversal  of  the  calciuun-fibrinogen  complex. 
Studies  which  are  being  pursued  f\irther  with  C   labeled  EDTA  promise  to  pro- 
vide information  concerning  the  molecular  structure  of  fibrinogen  and  the 
active  sites  involved  in  its  polymerization. 

In  eval\iating  the  dissociation  of  Ca-AHF  and  Ca-Factor  V  complexes, 
it  became  necessary  to  determine  the  equilibrium  concentration  of  Ca   in 
mixtures  containing  Mg  ,  protein  capable  of  binding  Mg  and  Ca,  and  the  che- 
lator, citrate,  oxalate  or  EDTA.  Dr.  J.Z.  Hearon,  Office  of  Mathematical 
Eesearch,  NLAMD,  has  derived  formulae  for  calculating  equilibrium  concentra- 
tions of  the  divalent  cations  in  these  complex  mixtures.  This  has  permitted 
a  precise  ccii^parison  of  the  conditions  which  reverse  calcium  clotting  factor 
complexes,  as  well  as  the  minimum  amount  of  free  calcium  required -for  various 
coa.g\ilation  reactions.  Although  these  studies  were  undertaken  with  respect  to 
the  coagulation  system,  evaluation  of  the  concentrations  of  free  ions  in  com- 
plex mixtures  has  bearing  on  numerous  physiologic  problems  involving  divalent 
cations . 

III.  Studies  on  Factor  VII 

These  studies  have  been  continued  chiefly  with  respect  to  developing 
a  better  form  of  therapy  for  the  congenital  deficiency  state  and  determining 
the  survival  of  the  factor  in  the  circulation.  We  have  used  a  concentrate 
which  permits  administering  a  therapeutic  dose  of  Factor  VII  in  a  2.5  ml. 
volume  instead  of  the  250  ml.  of  plasma  previously  required.  Recent  obser- 
vations suggest  that  the  concentrate  is  adequately  absorbed  following  sub- 
cutaneous or  intramuscular  administration  and  that  a  simply  administered  pro- 
phylactic dose  may  be  entirely  effective.  Ability  to  provide  large  amounts 
of  the  material  in  a  single  small  injection  has  permitted  separation  of  the 
rate  of  exchange  with  extra  vascular  spaces  from  the  true  biological  life. 

IV.  Development  of  Proteolytic  Enzyme  Therapy  for  Intravascular  Thrombosis 

The  euglobulin  fraction  of  human  plasma  contains  a  precursor  sub- 
stance called  plasminogen,  which  on  the  addition  of  streptokinase  (SK),  a  sub- 
stance in  the  culture  filtrate  of  streptococci,  develops  proteolytic  activity. 
SK  produces  a  second  activity  in  human  plasminogen  called  "activator"  ac- 
tivity, which  is  capable  of  provoking  proteolytic  activity  in  plasma  of  ani- 
mals which  do  not  contain  activator.  In  every  step  of  the  purification  of 
human  plasminogen,  both  the  preciursor  of  the  proteolytic  enzyme,  plasmin,  and 
the  precursor  of  the  "activator"  activity  are  concentrated  equally.  It  has 
been  concluded  from  most  kinetic  analyses  in  the  literature  that  plasminogen 
is  a  mixt\ire  of  two  substances  and  that  streptokinase  first  activates  the 
"activator",  then  the  "activator"  produces  the  proteolytic  enzyme,  plasmin. 
Our  studies  of  the  kinetics  of  this  system  indicate  that  plasminogen  is  a 
single  substance  which,  under  the  influence  of  SK,  forms  two  consecutive  de- 
rivatives, the  first  being  the  active  enzyme,  plasmin,  and  the  second  an 
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altered  form  of  plasmin  which  is  capable  of  provoking  proteolytic  activity  in 
animal  plasma.  The  steps  in  the  reaction  can  be  differentiated  by  specific 
inhibition  of  the  intermediate  derivative  with  soy  bean  trypsin  inhibitor 
(SBTI): 

Sk  SK 

Plasminogen ^  Plasmin ^  Activator 


1 


+  SBO?! 

Inactive  Complex 

V.  Pathogenesis  and  Treatment  of  a  New  Immunologic  Disease 

A  "chrombocytopenic  state  which  develops  in  the  absence  of  any  ap- 
parent \mderlying  disorder  represents  the  relatively  common  syndrome  of  idio- 
pathic thrombocytopenic  purpura  (ITP).  Similarities  between  this  syndrome 
and  thromboc;y^.openic  states  which  can  be  produced  experimentally  with  anti- 
platelet antibodies  suggest  that  ITP  is  caused  by  an  immunologic  process. 
Hc.wever,  up  to  now  neither  a  definite  antibody  nor  a  naturally  occurring  anti- 
gen has  been  implicated  in  ITP.  Studies  done  in  the  past  year  concerned 
differentiation  of  a  specific  immunologic  type  of  purpura  which  heretofore 
was  indistinguishable  from  ITP.  The  pathogenesis  of  the  disease  proved  to 
involve  mis-match  of  an  inherited  platelet  antigen  and  subsequent  development 
of  a  complement-fixing  anti-platelet  iso-antibody  which  was  capable  of  pro- 
ducing severe  thrombocytopenia  in  the  sensitized  individual.  Complete  and 
immediate  cure  was  produced  by  exchange  transfusion. 

The  antigen  and  antibody  involved  have  been  purified  and  extensively 
characterized,  the  nature  of  the  immuno  reactions  have  been  defined  precisely, 
and  the  genetic  control  of  the  platelet  antigen  has  been  fiilly  characterized. 

The  following  are  some  of  the  most  interesting  entirely  new  facts  in 
the  field  of  immuno-hematology  which  were  derived  from  this  study:  An  allelic 
pair  of  autosomal  genes  in  human  beings  determines  three  platelet  genotypes 
which  can  be  distinguished  by  quantitative  immunologic  studies  as  phenotypes. 
This  is  the  first  time  blood  cell  phenotjrpes  corresponding  to  the  genotypes 
have  been  differentiated.  An  antigen  on  platelets  of  98^  of  the  local  popu- 
lation is  lacking  on  platelets  of  2^.  Thus  mis-match  of  the  antigen  occurs 
in  approximately  2^  of  all  transfusions.  The  antigen  fortunately  is  only 
weakly  antigenic.  Even  if  an  antibody  forms,  it  is  unable  to  react  with  the 
recipient's  platelets  unless  some  free  antigen  remains  in  the  circulation  to 
coat  the  recipient's  platelets  and  permit  attachment  of  antibody.  This  is 
the  first  time  that  transfer  of  a  free  cellular  antigen  has  been  implicated 
in  a  disease  of  sensitivity.  Exchange  transfusion  produced  a  cure  primarily 
by  effecting  removal  of  free  antigen  rather  than  removal  of  antibody. 

The  most  sensitive  technique  for  measuring  the  immunoreactions  in- 
volved is  quantitative  complement  fixation;  for  other  techniques  generally 
applied  in  immuno-hematology  such  as  platelet  agglutination.  Coombs  serum 
procedures,  and  staining  with  fluoresceine-tagged  antibodies  were  an  order  of 
magnitude  less  sensitive  or  completely  useless.  Just  as  in  the  case  of  drug 
antibodies  which  we  have  studied,  the  present  antibody  was  found  to  produce 
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thrombocytopenia  in  vivo  in  man  and  animals  at  concentrations  which  are  not 
detectable  by  the  most  sensitive  techniques  available.  Immunoreactions  of 
the  type  delineated  could  account  for  a  number  of  diseases  considered  to  be 
"autoimmune"  ;^rocesses  only  because  no  foreign  antigen  has  been  identified 
as  yet. 

VI.  Pathogenesis  of  a  Nevly  Recognized  Purpuric  Disease  Caused  by 
Sensitization  of  Patients'  Skin  to  Their  own  Red  Cells. 

In  1955  Gardner  and  Diamond  described  an  unusual  form  of  autosensi- 
tivity  in  which  the  patient's  own  red  cells  produced  large  painful  ecchymoses 
when  extravasated  into  the  skin.  We  found  that  these  lesions,  which  were  pro- 
duced by  as  little  as  6  micrograms  of  red  cell  stroma,  could  be  precisely  dupli- 
cated by  intradermal  injections  of  as  little  as  1  microgram  of  histamine  or  by 
injection  of  any  agent  which  released  skin  histamine  (such  as  basic  amines  or 
trypsin).  The  conclusions  were  that  ecchymoses  were  mediated  by  histamine,  re- 
leased as  the  result  of  an  antigen-antibody  reaction  occurring  intradermally . 
Since  then  y.e   have  had  opportunity  to  study  five  other  patients  with  a  similar 
disorder  but  with  varying  sensitivity  both  to  histamine  and  to  red  cell  stroma. 
As  a  result  we  have  defined  a  spectrum  of  symptomology  which  these  patients  may 
present,  and  have  thereby  shed  some  light  on  the  nature  of  obscure  fixed  tissue 
antibodies  and  their  effects  on  vascular  permeability. 

VII.  Comparison  of  Antibody  Reactions  in  Drug  Hemolytic  AnPTm'a  and  Drug 
Thrombocytopenic  Purpura. 

Following  our  finding  that  the  complex  reactions  which  take  place 
between  quinidine,  antibody,  platelets,  and  complement  in  quinidine  thrombo- 
cytopenic purpura  are  the  same  as  the  reactions  which  take  place  between 
stibophen,  antibody,  red  cells,  and  complement  in  stibophen  hemolytic  anemia, 
we  have  continued  work  with  the  rare  antibody  induced  by  stibophen  in  an  at- 
tempt to  resolve  the  question  of  antigen  specificity,  measure  the  valence  of 
antibody,  and  determine  the  number  of  sites  for  antibody  attachment  per  cell. 
These  studies  have  required  development  and  modification  of  methods  for 
measuring  extremely  low  concentrations  of  catechols  by  spectrophotometric, 
spectrophotofluorometric,  and  isotopic  labeling  techniques  combined  with  im- 
uno-electrophoresis.  Progress  so  far  indicates  that  the  first  step  of  the 
over-all  reaction  which  results  in  an  antibody-drug-cell -complement  complex 
is  the  attachment  of  drug  to  antibody.   This  is  an  important  rinding,  for  if 
the  first  step  of  complex  formation  is  combination  of  antibody  with  drug, 
rather  than  cell  with  drug,  the  implications  are  that  the  cell-drug  complex 
is  not  the  antigen  but  that  the  antibody-drug  complex  may  be  non-specifically 
adsorbed  on  cell  membranes,  just  as  other  non-antibody  plasma  proteins  are  ad- 
sorbed. Explicit  information  concerning  this  type  of  immunoreaction  and  its 
effects  on  cells  is  essential  in  order  to  provide  a  basis  for  interpreting  the 
obscure,  apparently  non-specific  reactions  between  cellular  components  and 
gamma  globulin  in  diseases  such  as  rheumatoid  arthritis,  Sjogren's  syndrome, 
and  lupvis  erythematosus. 
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PEDIATRIC  METABOLISM  BRANCH 

In  the  first  year  of  operation,  the  Pediatric  Metabolism  Branch  has  de- 
voted most  of  its  efforts  to  the  investigation  of  cystic  fibrosis  of  the  pan- 
creas:  51  patients  with  this  disorder  have  been  studied.  Other  diseases 
leading  to  malabsorption  in  children  and  disorders  due  to  glycogen  storage  have 
also  been  the  object  of  study. 

Investigations  in  Cystic  Fibrosis  of  the  Pancreas 

Principal  aim  of  the  investigations  being  conducted  on  cystic  fibrosis  is 
to  elucidate  and,  if  possible,  uncover  the  basic  defect  in  mucopolysaccharide 
metabolism  presumably  responsible  for  the  generalized  disturbance  of  exocrine 
secretions  which  gives  rise  to  the  clinical  manifestations  of  this  disease. 

Chemical  Studies  of  Mucus  Structure  and  of  Mucopolysaccharide  Metabolism 

Evidence  was  obtained  in  previous  studies  of  the  occurrence  in  duodenal 
fluid  of  patients  with  cystic  fibrosis  of  mucopolysaccharide  compounds  charac- 
terized by  abnormal  chemical  structure  and  physico-chemical  behavior.  These 
mucoprotein  fractions  have  an  increased  fucose  and  decreased  sialic  acid  con- 
tent affecting  their  solubility  in  organic  solvents.  If  this  obtains  in  mucous 
secretions  throughout  the  body,  it  would  be  possible  for  a  change  in  the  physi- 
co-chemical environment  of  body  fluids  to  cause  irreversible  precipitation  of 
mucoproteins  in  structures  such  as  the  pancreas,  liver,  and  bronchi,  thus  in- 
itiating the  chain  of  clinical  events  and  leading  to  many  of  the  symptoms  mani- 
fested by  patients  with  this  disease. 

In  collaboration  with  Dr.  Dische,  Department  of  Biochemistry,  Colianbia 
University,  further  investigations  along  these  lines  have  been  actively  pursued 
in  duodenal  juice,  urine,  and  other  secretions  of  patients  with  cystic  fibro- 
sis .  Work  is  proceeding  on  isolation  and  further  analysis  of  these  mucoprotein 
components  by  fractionation  with  organic  solvents,  continuous -flow  electro- 
phoresis, and  chromatography.  Factors  which  may  influence  the  solubility, 
physical  characteristics,  susceptibility  to  precipitation  and  denaturation  of 
these  abnormal  mucoid  components  are  being  tested  and  preliminary  findings  have 
been  obtained  -vAiich  may  be  of  major  importance  in  explaining  the  genesis  of 
the  disease. 

Electrolyte  and  Genetic  Studies 

In  cystic  fibrosis  there  is  a  unique  abnonaality  of  sweat,  saliva  and 
tears  leading  to  marked  increase  in  the  sodium  chloride  content  of  these  se- 
cretions. Evidence  has  been  obtained  in  previous  studies  and  in  the  course  of 
present  investigations  that  varying  genetic  endowment  may  affect  not  only  the 
levels  of  electrolytes  in  these  secretions,  but  also  their  response  to  certain 
types  of  stress  (e.g.,  dietary  salt  restriction,  administration  of  steroids, 
environmental  heat).  The  electrolyte  behavior  is  quite  different  in  this  re- 
cessive disorder  in  patients  with  all  of  the  manifestations  of  cystic  fibrosis 
(homozygotes)  and  those  with  incompletely  manifested  disease  (heterozygotes) . 
In  addition,  from  these  observations  there  is  reason  to  believe  that  cases  oc- 
cur in  which  the  gene  is  only  partially  expressed.  Such  investigations  are 
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being  pursued  by  means  of  metabolic  studies  of  sodi\am  chloride  metabolism  and 
measurement  of  various  parameters  of  adrenal  function.   It  is  hoped  that  this 
approach  will  lead  to  further  clarification  of  the  genetic  transmission  and 
basic  mechanisms  involved  in  cystic  fibrosis. 

Determination  of  electrolyte  levels  in  sweat,  the  so-called  "sweat  test", 
is  the  cornerstone  of  diagnosis  in  patients  with  all  of  the  manifestations  of 
cystic  fibrosis.  However,  many  variable  factors  are  involved  in  these  deter- 
minations (e.g.:  rate  sweating)  impairing  the  usefulness  of  this  test  in 
family  studies  and  in  patients  who  have  only  some,  but  not  all,  of  the  mani- 
festations of  the  disease.  Attempts  are  being  made  to  perfect  the  methods 
used  so  as  to  eliminate  possible  errors  and  enhance  the  value  of  this  assay  in 
diagnostic  and  genetic  studies. 

The  possible  relation  of  cystic  fibrosis  in  children  to  many  chronic  pul- 
monaiy  and  common  gastro-intestinal  disorders  in  adults  is  one  of  the  more 
challenging  leads  at  the  present  time.   It  is  planned  to  pursue  these  investi- 
gations acti^r.jiy  and  a  beginning  has  been  made  in  this  direction.   In  addition, 
fTjrther  definition  of  other  conditions  in  the  pediatric  age  group  leading  to 
chronic  lung  involvement  (e.g.,  bronchial  asthma  and  others)  is  being  attempted. 

Studies  of  Intestinal  Absorption 


Evidence  has  been  obtained  in  previous  investigations  by  means  of  in- 
testinal fat  and  fatty  acids  labeled  with  X    that  pancreatic  ins\ifficiency 
may  not  be  the  only  factor  involved  in  the  intestinal  malabsorption  in  cystic 
fibrosis.  These  researches  are  being  pursued  with  the  hope  of  fiirther  eluci- 
dation of  the  mechanisms  involved. 


Fat  and  nitrogen  balance  studies  are  also  being  conducted  to  define  tlie 
impaired  metabolism  and  defective  development  and  nutrition  present  in  fibro- 
cystic patients  with  only  partial  pancreatic  deficiency.  In  addition,  it  is 
planned  to  investigate  the  effects  of  varying  dosages  and  different  kinds  of 
pancreatic  extracts  on  the  intestinal  absorption  of  patients  with  pancreatic 
achylia. 

Pulmonary  Involvement 

The  pulmonary  involvement  dominates  the  clinical  picture  and  determines 
the  fate  of  patients  with  cystic  fibrosis .  Therapeutic  trials  of  antibiotic 
drugs,  of  enzymes  and  physical  methods  of  treatment  of  this  complication  are 
being  actively  pursued.  Preliminary  resiilts  have  been  encouraging. 

Studies  in  Intestinal  Malabsorption  in  Children 

Many  of  the  techniques  perfected  for  the  study  of  cystic  fibrosis  can  be 
applied  to  further  investigation  of  other  diseases  leading  to  intestinal  in- 
sufficiency in  children^  The  recently  developed  fat  absorption  tests  by  means 
of  fats  tagged  with  i       ,  the  oral  small  intestinal  biopsy,  and  the  recogni- 
tion of  wheat  and  rye  gluten  as  a  noxious  factor  in  the  diet  of  many  pediatric 
patients  with  malabsorption  offer  new  tools  for  investigation  of  this  very 
confused  field.  Several  children  with  a  variety  of  conditions  leading  to  this 
clinical  manifestation  have  been  studied  in  the  past  year. 
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Investigations  of  Glycogen  Storage  Disease 

Congenital  and  usioally  familial  errors  of  carbohydrate  metabolism  lead  to 
a  group  of  disorders  characterized  by  accumulation  of  glycogen  in  various 
tissues  and  organs  leading  to  enlargement  and  dysfunction  of  the  structure  in- 
volved, and  frequently  to  death. 

In  recent  times  by  the  application  of  chemical  techniques  several  dif- 
ferent diseases  have  been  defined,  each  one  characterized  by  the  absence  of  an 
enzyme  necessary  for  completion  of  the  carbohydrate  cycle.  Much  further  defi- 
nition is  necessary  as  to  the  metabolic  consequences  and  clinical  manifesta- 
tions of  these  conditions.  This  represents  a  very  dynamic  field  and  other 
syndromes  will  undoubtedly  be  recognized  as  investigations  are  pursued. 

A  beginning  has  been  made  in  this  direction  and  several  patients  with 
disorders  of  glycogen  storage  have  been  studied. 
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Part  A 


Project  Title:  The  Relation  between  Blood  Groups  and  Salivary 
Secretion  of  Blood  Groups  and  Susceptibility  to 
Rheumatic  Fever 

Principal  Investigator:  Dr.  Thomas  D,  Dublin 

Other  Investigators:  Drs.  A.  D,  Bernanke  and  B.  S.  Blumberg 

Cooperating  Units:  There  were  no  cooperating  units  elsewhere  in 
the  Public  Health  Service 

Man  Years  (Project  began  August,  1960) 

Total:  5/12 
Professional:  5/12 
Other:  0 

Project  Description: 

Objective; 

To  study  among  populations  of  individuals  with  past  or 
present  rheumatic  fever  erythrocytic  blood  groups  and  salivary 
secretion  of  blood  group  substances. 

Rheumatic  fever  is  among  those  diseases  for  which  there 
is  evidence  suggesting  a  correlation  between  blood  group  type 
and  incidence  of  disease  in  a  population.  There  is  additional 
evidence  that  a  higher  percentage  of  rheumatics  than  non- 
rheumatics  fail  to  secrete  blood  group  polysaccharides  in  the 
saliva. 

Studies  on  rheumatic  and  properly  controlled  populations 
with  regard  to  these  parameters  may  further  verify  these  reported 
differences.  The  first  portion  of  this  study  has  been  directed 
toward  learning  blood  grouping  methods,  and  planning  the  field 
study. 
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Significance  to  bio-medical  research  and  program  of  the 
Institute 

The  identification  of  genetic  factors  bearing  on  host 
susceptibility  to  rheumatic  fever  might  afford  further  insight 
into  the  mechanism  of  development  of  a  disease  with  connective 
tissue  manifestations.  It  may  also  help  in  the  identification  of 
susceptible  subjects. 

Future  Course  of  the  Study 

A  program  aimed  at  studying  a  large  group  of  rheumatics 
anJ  appropriate  controls  for  the  parameters  discussed  is  being 
devised.  An  additional  program  aimed  at  studying  families  with 
rheumatic  members  is  also  in  planning.  From  the  second  study,  it 
may  be  possible  to  critically  test  a  genetic  hypothesis  in  rheumatic 
fever  susceptibility. 


-  2  - 


R25 


Serial  No.  NIAMD-EGBB-2 

1.  Geographic  Medicine  and 

Genetics  Section 

2.  Epidemiology  and  Biometry 

Branch 

3.  NIAMD  -  Bethesda 

PHS  -  NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A 

Project  Title:  Genetic  Polymorphisms  and  Susceptibility  to  Disease 

Principal  Investigator:  Dr.  Baruch  S.  Blumberg 

Other  Investigators:  Drs.  Jacob  Robbins,  J.  Edward  Rail,  L.  Warren, 
and  A.  David  Bernanke;  Mr.  Laurence  Farer; 
Dr.  Anthony  C.  Allison,  National  Institute  for 
Medical  Research,  London,  England;  Dr.  Stanley 
Gartler,  University  of  Washington,  Seattle,  Wash. 

Cooperating  Units:  There  were  no  cooperating  units  elsewhere  in  the 
Public  Health  Service 

Man  Years  (calendar  year  1960): 

Total:  3-3/4 
Professional:  2-1/2 
Other:   1-1/4 

Project  Description: 

Objective:  ^ 

To  determine  the  presence  of  genetic  biochemical  poly- 
morphisms in  man  and  other  animals,  to  investigate  their  distribution 
in  different  populations,  and  to  determine  their  relationship  to  the 
arthritides,  metabolic  diseases,  and  other  diseases. 

Methods  Employed;  Major  Fioidinqs: 

General  -  Many  biochemical  traits  in  humans  and  other  animals 
are  genetically  determined.  Some  of  these  may  be  classified  as 
genetic  polymorphisms;  that  is,  the  existence  in  a  population  of 
two  or  more  easily  distinguished  forms  of  an  inherited  trait,  the 
lesser  of  which  could  not  be  maintained  by  recurrent  mutations 
alone.  The  normal  hemoglobin-sickle  cell  hemoglobin  system,  most 
of  the  blood  groups,  and  other  systems  to  be  described  below,  fall 
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within  this  classification.  From  studies  in  lower  animals  and 
theoretical  considerations,  there  is  reason  to  believe  that  selec- 
tion may  operate  to  maintain  these  traits  in  the  incidences  found 
and  in  some  cases  the  selective  forces  may  be  related  to  disease. 
It  is  of  interest  to  determine  if  populations  living  under  dif- 
ferent environmental  conditions  and  prone  to  different  diseases 
have  different  incidences  of  these  genes.  In  addition,  studies  of 
the  distribution  of  these  traits  can  sometimes  provide  information 
on  genetic  relations  between  population  groups. 

Haptoglobins  -  These  are  a  family  of  serum  proteins  which 
bind  hemoglobin.  There  are  three  major  patterns  in  humans  which 
are  under  genetic  control.  Some  rare  types,  whose  inheritance  is 
not  clear,  have  been  discovered  by  Drs.  Blumberg  and  Allison  and 
others.  The  studies  on  haptoglobin  types  in  a  Micronesian  popu- 
lation, mentioned  in  last  year's  report,  have  been  submitted  for 
publication.  A  study  of  the  distribution  of  the  haptoglobins  in 
a  Viet  Namese  population  has  been  concluded,  using  sera  provided 
by  the  ICNND  nutrition  survey  expedition  to  that  country.  A  low 
frequency  of  the  1-1  type  haptoglobin  was  found.  This  is  similar 
to  findings  in  other  Asiatic  populations.  Several  type  BC  and  CD 
transferrin  phenotypes  were  also  identified,  and  these  are  to  be 
used  in  the  biochemical  studies  described  elsewhere. 

In  collaboration  with  Dr.  A.  C.  Allison,  Visiting  Scientist 
from  the  National  Institute  for  Medical  Research,  London,  England, 
studies  were  performed  on  purified  haptoglobins  isolated  from  single 
human  serum  samples.  The  sialic  acid  component  was  removed  by 
sialidase  digestion,  and  the  haptoglobin  type  2  treated  with  a  low 
concentration  of  mercaptoethanol.  The  haptoglobin  1  and  haptoglobin 
2  were  then  mixed  and  the  mercaptoethanol  removed  by  dialysis.  The 
resulting  pattern  was  different  from  either  of  the  isolated  hapto- 
globin fractions  alone,  but  similar  in  appearance  to  one  of  the 
rare  haptoglobin  phenotypes.  One  of  the  explanations  of  this  result 
is  that  an  artificial  heterozygote  was  found  in  this  reaction. 
Further  studies  on  the  haptoglobins  will  be  carried  out  using 
material  prepared  by  Dr.  Robinson. 

Urinary  p-Aminoisobutyric  Acid  (BAIB)  Excretion  in  Pacific 
Populations  -  It  has  been  shown  by  Gartler  and  others  that  the 
excretion  of  BAIB  is,  in  part,  under  genetic  control.  Some  persons 
with  leukemia  and  other  cancers  are  also  high  excretors,  but  the 
role  of  inheritance,  if  any,  in  these  cases  is  not  clear.  Last 
year  the  laboratory  reported  a  high  incidence  of  high  excretors 
in  Micronesians  living  on  Rongelap  Atoll,  Marshall  Islands,  some 
of  whom  had  been  accidentally  exposed  to  radiation  following  the 
detonation  of  a  thermonuclear  device  in  the  Pacific  proving  grounds. 
Although  radiation  is  known  to  increase  the  excretion  of  BAIB,  on 
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the  basis  of  the  available  evidence,  this  was  thought  to  be  an  un- 
likely cause  of  the  high  excretion  rate.  It  was  suggested  that  a 
high  focus  of  the  high  excreter  gene  might  be  present  in  the  popula- 
tions of  Oceana  and  Southeast  Asia,  with  whom  these  people  have 
affinities.  Urine  samples  were  collected  in  New  Guinea,  Tahiti, 
Viet  Nam,  and  from  Javanese,  and  in  no  case  were  frequencies  of  high 
excretors  as  high  as  those  found  in  the  Mi crones ians,  detected.  More 
extensive  studies  on  these  populations  will  be  required  before  these 
findings  can  be  evaluated. 

The  Effect  of  Sialidase  on  Transferrins  and  Other  Serum 
Proteins  -  Digestion  of  human  serum  by  the  enzyme  sialidase  removed 
most  if  not  all  of  the  bound  sialic  acid.  The  migration  of  sialic 
acid-containing  proteins  in  starch  gel  was  markedly  reduced  by 
sialidase  digestion.  Several  of  the  transferrin  phenotypes  broke 
down  into  two  or  more  components  after  sialidase  digestion,  and  some 
of  the  digestion  products  were  common  to  the  various  types.  Human 
serum  Haptoglobins  treated  with  sialidase  traveled  more  slowly  toward 
the  anode.  Only  one  of  the  four  major  thyroxine-binding  bands 
(thyroxine-binding  globulin)  showed  reduced  mobility  after  digestion 
with  sialidase.  The  amount  of  iron,  hemoglobin  and  thyroxine  bound 
was  not  appreciably  altered  by  removal  of  protein-bound  sialic 
acid. 

An  Iso-precipitation  Reaction  Distinguishing  Inherited  Human 
Serum  Protein  Types  -  A  serum  from  a  patient  who  had  received  approx- 
imately fifty  transfusions  was  found  to  give  strong  precipitation 
with  sera  of  some,  but  not  all,  normal  subjects.  It  appears  that  an 
antigen-antibody  reaction  is  involved.  The  antigen  present  in  some 
normal  subjects  is  an  ao-macroglobulin,  and  the  antibody  in  the  patient 
is  a  7Sa-globulin.  The  antigen  appears  to  be  inherited  according  to 
simple  Mendelian  rules  and  its  frequency  varies  in  different  racial 
groups.  It  is  possible,  though  not  proven,  that  intravascular  pre- 
cipitation was  responsible  for  severe  post-transfusion  reactions  in 
the  patient  and  similar  processes  may  be  involved  in  other  unexplained 
post-transfusion  reactions. 

Thyroxine-Binding  Proteins  in  Human  Serum  -  Attempts  to  identify 
the  thyroxine-binding  proteins  of  human  serum  have  continued-  utilizing 
the  techniques  of  paper  and  starch  gel  electrophoresis  of  I   -labeled 
L-thyroxine-serum  mixtures  and  autoradiography.  Methods  have  been 
developed  for  eluting  protein  from  both  paper  and  starch  gel  following 
electrophoretic  separation,  permitting  study  of  isolated  fractions. 
Evidence  that  Bands  1  and  4  of  thyroxine-binding  in  starch  gel  corres- 
pond to  thyroxine-binding  prealbumin  and  thyroxine-binding  globulin 
respectively  in  paper  confirms  previous  studies.  Bands  2  and  3  in 
starch  gel  appear  to  be  components  of  thyroxine-binding  albumin, 
as  they  both  are  absent  in  some  hypoalbuminemic  subjects  (albumin 
hypercatabolism  and  hypoanabolism) .  No  differentiation  between  Bands 
2  and  3  could  be  made  by  present  methods.  Individual  fractions  eluted 
from  different  zones  of  the  albumin  region  of  starch  gel-electropho- 
retically  separated  serum  behaved  similarly  with  respect  to 
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electrophoretic  mobility  and  thyroxine  binding  when  re-run  in 
starch  gel  or  on  paper.  The  fact  that  one  of  these  bands  is 
occasionally  low  or  absent  (e.g.  Band  2  decreased  in  pregnancy) 
while  the  other  is  present  or  increased  remains  unexplained. 

Thus  far  the  only  variations  in  the  human  pattern  of 
thyroxine  binding  in  starch  gel  have  been  quantitative,  with  the 
exception  of  a  few  hypoanalbumineraic  sera  in  which  thyroxine 
appeared  to  be  bound  in  certain  slow-moving  bands.  It  is  known 
that  in  conventional  paper  electrophoresis,  thyroxine  sometimes 
seems  to  move  with  slow-moving  globulins,  probably  because  of  dis- 
sociation of  thyroxine-protein  complexes  and  subsequent  binding  of 
thyroxine  to  the  medium;  it  is  likely  that  a  similar  phenomenon 
occurs  in  starch  gel,  especially  when  there  is  a  considerable  amount 
of  thyroxine  not  bound  to  protein  in  the  mixture.  With  respect  to 
theso  findings,  it  is  significant  that  none  of  the  hundreds  of  sera 
studied  has  ever  showed  binding  of  thyroxine  to  any  protein  migrat- 
ing more  slowly  than  inter-alpha  globulin  in  paper  using  the  reverse 
flow  technique  of  electrophoresis. 

Future  Course  of  the  Study. 

1.  To  isolate  the  haptoglobin  types  in  large  yield  for 
biochemical,  biophysical  and  immunological  studies. 

2.  To  identify  other  sera  with  antibodies  against  human 
serimi  proteins  and  determine  their  genetics  and  relationship  to 
disease.  To  further  characterize  the  antigen  and  antibody  by 
chemical  methods. 

3.  To  further  continue  the  investigation  of  inherited 
polymorphic  systems  and  their  relation  to  disease. 
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Honors,  Awards  and  Publications 

Publications  other  than  abstracts  from  this  project: 

1.  Blumberg,  B.  S,  (Introduced  by  D.  P.  Rail):  Biochemical 
polymorphisms  in  animals:   haptoglobins  and  transferrins. 
Proc.  Soc.  Exp.  Biol,  and  Med.  ^04:25-28,  1960. 

2.  Blumberg,  B.  S.,  and  Robbins,  J.:  Thyroxine-serum  protein 
complexes:  single  dimension  gel  and  paper  electrophoresis 
studies.  Endocrin.  67:368-378,  1960. 

3.  Blumberg,  B.  S. :  The  history  of  arthritis  and  rheumatism. 
Arth.  and  Rheum.  3:421-422,  1960. 

4.  Blumberg,  B.  S.,  Ikin,  Elizabeth  W.,  and  Mourant,  A.  E.: 
The  blood  groups  of  the  pastoral  Fulani  of  Northern  Nigeria 
and  the  Yoruba  of  Western  Nigeria.  Am,  J.  Phys.  Anthrop., 
in  press. 

5.  Blumberg,  B.  S.,  Farer,  L.,  Rail,  J.  E.,  and  Robbins,  J.: 
Thyroxine-serum  protein  complexes.  Paper  and  starch  gel 
two-dimensional  electrophoresis.  Endocrin.,  in  press. 

6.  Blumberg,  B.  S,,  and  Robbins,  J.:  Thyroxine-serum  protein 
complexes.  Fourth  Interhat.  Goitre  Conf.,  in  press. 

7.  Blumberg,  B.  S.,  Bloch,  K.  J.,  Black,  R.  L.,  and  Dotter,  C: 
A  study  of  the  prevalence  of  arthritis  in  Alaskan  Eskimos. 
Arth.  and  Rheum.,  in  press. 
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1.  Geographic  Medicine  and 

Genetics  Section 

2.  Epidemiology  and  Biometry 

Branch 

3.  NIAMD  -  Bethesda 

PHS  -  NIH 
Individual  Project  Report 
Calendar  Year  1960 
Part  A 

Project  Title:  Separation  and  Purification  of  Inherited  Proteins  of 
Human  Plasma 

Principal  Investigator:  Dr.  J.  Carl  Robinson 

Other  Investigators:  Drs,  Baruch  S.  Blumberg  and  Leonard  Warren 

Cooperating  Units:  There  were  no  cooperating  units  elsewhere  in  the 
Public  Health  Service 

Man  Years:   (Project  started  in  October  1960,  at  rate  of  1  Professional 
Man  year  and  M  Other^  Man  year). 

Project  Description: 

Isolation  of  Transferrins  from  Human  Plasma 

The  objective  in  devising  a  procedure  for  the  purification  of  the 
transferrins  of  different  phenotypes  is  to  ultimately  clarify  the  molecu- 
lar structural  basis  for  the  phenotypic  differences  among  these  proteins. 
Fractionation  with  ammonium  sulfate  followed  by  chromatography  on  N, 
N-diethylaminoethylcellulose  has  proved  to  be  an  effective  method  for 
separating  transferrin  from  the  remainder  of  the  plasma  protein  excepting 
traces  of  haptoglobin.  Preliminary  experiments  indicate  that  this 
contaminant  can  be  removed  from  the  partially  purified  transferrin  by 
preparative  electrophoresis  on  istarch  gel. 

When  preparations  of  transferrin  of  suitable  purity  have  been 
obtained  the  following  studies  on  them  will  be  made;  amino  acid  content; 
end  group  analyses:  qualitative  and  quantitative  carbohydrate  analyses; 
further  investigation  of  the  nature  of  the  products  of  digestion  of 
transferrin  with  sialidase;  and  the  separation  and  characterization  of 
peptides  obtained  by  digestion  of  transferrin  with  proteolytic  enzymes. 

Part  B  included  No 
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Isolation  of  Haptoglobins  from  Human  Plasma. 

This  particular  project  is  part  of  a  program  which  has 
as  its  objective  the  isolation  and  characterization  of  those 
plasma  proteins  which  have  been  demonstrated  to  represent 
polymorphic  biochemical  systems.  Through  the  study  of  pure 
proteins  obtained  from  individual  donors  the  biochemical  basis 
for  the  polymorphic  differences  can  be  elucidated. 

Preliminary  experiments  indicate  that  the  usual  method 
of  purifying  haptoglobins  can  be  improved  by  fractionating  the 
plasma  proteins  with  ammonium  sulfate  prior  to  chromatography 
on  dowex  resin.  This  procedure  removes  contaminating  pre- 
albumin which  is  not  removed  in  the  conventional  method. 

The  following  studies  on  the  purified  haptoglobins  will 
be  made:  Amino  acid  analyses,  end  group  determinations,  sugar 
analyses,  recombination  experiments,  "Fingerprinting." 
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1.  Geographic  Medicine  and 

Genetics  Section 

2.  Epidemiology  and  Biometry 

Branch 

3.  NIAMD  -  Bethesda 

PHS  -  NIH 

Individual  Project  Report 

Calendar  Year  1960 

Part  A 

Project  Title:  P.T.C.  Taste  Test  I:  American  Negroes 

Principal  Investigator:  Dr.  Alan  J.  Cooper 

Other  Investigators:  Drs.  Thomas  D,  Dublin,  Baruch  S.  Blumberg 

Cooperating  Units:  Heart  Disease  Control  Program,  Bureau  of 
State  Services,  P.H.S.;  Evans  County 
(Georgia)  Health  Department. 

Man  Years  (calendar  year  1960): 
Total:   1/3 
Professional:  1/3 
Other:  0 

Project  Description: 

Summary  of  Proposed  Work: 

The  frequency  of  phenotypes  for  tasting  phenylthiocarbamide 
(PTC)  is  being  determined  in  random  samples  of  Negroes  in  Evans 
County,  Georgia.  Taste  threshold  is  being  measured  by  the  use  of 
the  sorting  technique  of  Harris  and  Kalmus.  Observations  on  whole 
families  will  give  data  on  inheritance,  and  perhaps  permit  identi- 
fication of  differences  between  heterozygous  and  homozygous  tasters. 

Red  cell  antigens  and  serum  haptoglobin,  transferrin  and  Ag 
gene  types  are  also  being  determined.  Several  hundred  subjects  are 
included  in  the  study. 


Part  B  included  No 
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1.  Geographic  Medicine  and 

Genetics  Section 

2.  Epidemiology  and  Biometry 

Branch 

3.  NIAMD  -  Bethesda 

PHS  -  NIH 
Individual  Project  Report 
Calendar  Year  1960 

Part  A 

Project  Title:  P.T.C.  Taste  Test  III:  Biochemistry  and  Physiology 

Principal  Investigator:  Dr.  Alan  J.  Cooper 

Other  Investigators:  Drs.  Baruch  S.  Blumberg,  Joseph  E.  Rail 

Cooperating  Units:  There  were  no  cooperating  units  elsewhere  in  the 
Public  Health  Service 

Man  Years  (calendar  year  1960): 

Total:   5/12 
Professional:  1/3 
Other:   1/12 

Project  Description: 

Summary  of  Proposed  Work: 

Identification  of  enzymatic  and  other  differences  between 
the  salivas  of  tasters  and  of  non-tasters  of  phenylthiocarbamide 
(P.T.C.)  may  help  explain  the  medical  and  genetic  significance  of 
this  polymorphism.  The  possibility  that  desulfurating  activity 
(similar  to  that  noted  by  Specter  and  Maloof  in  sheep  thyroid 
preparations)  may  occur  differentially  is  under  study  using 
thiourea-S^^  (thiourea  is  tasted  similarly  to  P.T.C.)  digested  with 
saliva.  Future  studies  will  include  electrophoresis,  spectropho- 
tometry and  other  procedures  applied  to  saliva,  thyroid  tissue,  and 
potential  substrates. 


Part  B  included  No 
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B.  Annual  Narrative  Report  -  Epidemiology  and  Biometry  Branch 

An  important  and  promising  area  of  new  research  activity  has  been 
initiated  during  the  year  by  NIAMD  with  the  establishment  of  an  Epidemiology 
and  Biometry  Branch.  This  Branch  is  operating  as  an  integral  part  of  the 
Office  of  the  Director  of  the  Institute  and  comprises  three  functional  units: 
a  Section  on  Biometry,  an  Epidemiology  Section  and  a  Section  on  Geographic 
Medicine  and  Genetics.  Additional  Sections  are  contemplated  for  the  future 
as  the  research  activities  of  the  Branch  become  established  and  expand. 

This  new  Branch  is  an  evolutionary  consolidation  within  the  NIAMD  of  a 
program  of  Geographic  Disease  Studies  undertaken  in  the  closing  months  of  1958 
by  Dr.  James  M.  Hundley,  co-sponsored  by  this  Institute  and  the  NHI.   (NHI  has 
consolidated  its  interests  in  this  area  in  the  Geographic  Pathology  Section  of 
its  new  Biometrics  Research  Branch.)  In  January  1960,  Dr.  Thomas  Dublin  re- 
placed Dr.  Hundley  who  had  been  transferred  to  the  Office  of  the  Surgeon 
General  to  head  an  intensive  study  of  PHS  organization  and  programs.  Prior  to 
this  reassignment  Dr.  Dublin  had  served  as  principal  assistant  to  Dr.  C.  J. 
Van  Slyke,  Deputy  Director,  NIH,  for  Extramural  Affairs,  and  had  been  primarily 
responsible  for  Community  Services  Programs  in  the  Office  of  the  Director,  NIH. 
Dr.  Dublin  has  brought  to  the  Institute  an  extensive  background  in  research 
epidemiology  as  well  as  program  administration,  particularly  in  the  planning 
and  direction  of  field  investigations  of  various  types. 

The  programmed  activities  of  the  Branch  are  focused  upon  the  application 
of  a  variety  of  scientific  disciplines,  including  epidemiology,  medical  and 
biochemical  genetics  and  biometry,  to  the  study  of  those  diseases  and  conditions 
within  the  purview  of  the  Institute,  as  they  occur  among  human  populations. 
The  etiology  and  pathogenesis  of  many  of  these  diseases  are  poorly  understood. 
The  investigation  of  the  remarkable  disparities  in  their  distribution,  both 
within  and  outside  of  the  United  States,  in  different  population  groups  and  in 
relation  to  a  broad  array  of  environmental  and  ethnic  factors  should  provide  a 
better  understanding  of  their  causes  and  the  circumstances  influencing  their 
occurrence.  Gout,  goiter,  diabetes,  arthritis,  peptic  ulcer  and  many  of  the 
recently  recognized  inborn  errors  of  metabolism  are  noteworthy  examples  of 
diseases  of  world-wide  importance  yet  unequally  distributed  in  different 
populations.  By  carefully  planned  ecologic  study  of  such  diseases  wherever 
they  occur  it  is  anticipated  that  new  clues  will  be  identified  and  will  lead 
to  further  fruitful  exploration  through  closely  integrated  laboratory,  clinical 
and  field  investigation. 

In  1960,  attention  has  been  directed  toward  (1)  the  study  of  nutritional 
status,  with  particular  emphasis  on  dietary  fat,  in  relation  to  the  occurrence 
of  atherosclerosis  and  ischemic  heart  disease;  (2)  the  investigation  of  a  newly 
recognized  group  of  inheritable,  biochemically  identifiable  disorders  classified 
as  genetic  polymorphisms;  and  (3)  preliminary  exploration  and  the  planning  of 
field  investigations  of  certain  metabolic  disorders,  including  diabetes,  endemic 
goiter  and  arthritis,  and  of  susceptibility  to  rheumatic  fever.  In  the  nutri- 
tional and  cardiovascular  studies,  the  NHI  has  made  available  the  resources  of 
its  Geographic  Pathology  Section  including  the  services  of  Dr.  Marjorie  G. 
Whiting,  an  experienced  field  nutritionist  with  advanced  training  in  anthro- 
pology, a  dietetics  assistant  (Mrs.  Shirley  L.  Pettee)  and  other  technical 
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and  administrative  assistance.  Dr.  Baruch  S.  Blumberg,  a  medical  geneticist 
and  biochemist,  was  transferred  from  Clinical  Investigations,  NIAMD,  to  the 
Branch  and  is  serving  as  Chief  of  the  Geographic  Medicine  and  Genetics  Section. 
Associated  with  Dr.  Blumberg  are  Drs.  Joseph  C.  Robinson,  Alan  J.  Cooper,  A. 
David  Bernanke,  and  COSTEP  student,  Laurence  Farer.  For  a  three  month  period 
Dr.  Anthony  C.  Allison  of  the  National  Institute  for  Medical  Research,  London, 
England,  served  as  Visiting  Scientist  in  the  Section  on  Geographic  Medicine 
and  Genetics. 

Major  problems  to  be  overcome  in  establishing  the  research  program  of 
the  Branch  on  a  sound  footing  include  (a)  shortages  of  trained  personnel, 
(b)  limitations  of  laboratory  and  other  research  space  to  provide  essential 
headquarters  for  the  Branch  on  the  campus  of  NIH  at  Bethesda  and  (c)  the 
integration  of  this  new  pattern  of  research  activity  with  the  established  high 
calibre  of  laboratory  and  clinical  investigations  in  progress  in  other  Branches 
of  NIAMD  and  with  the  research  programs  of  other  Institutes.  It  is  anticipated 
that  the  gradur^te  research  training  programs  in  epidemiology,  biometry,  medical 
genetics  and  other  disciplines  supported  by  NIH  in  recent  years  and  the  building 
construction  and  renovation  programs  now  in  progress  at  NIH  will  be  of  material 
assistance  in  overcoming  the  first  two  problems.  It  can  also  be  foreseen  that 
as  an  active  competent  staff  is  assembled  in  the  Branch  cooperative  studies 
will  continue  to  develop  involving  scientists  engaged  in  the  other  research 
programs  of  NIAMD  and  elsewhere  in  the  Public  Health  Service  as  well  as  in 
other  research  centers. 

Some  of  the  research  activities  initiated  by  Geographic  Disease  Studies 
and  others  in  progress  or  being  activated  in  the  new  Epidemiology  and  Biometry 
Branch  are  reviewed  in  the  following  paragraphs: 

Geographic  Disease  Studies  -  NIAMD-NHI 

In  April  1959  a  Conference  on  Methodology  in  Epidemiological  Studies  of 
Cardiovascular  Diseases  was  held  at  Princeton,  jointly  supported  by  the  American 
Heart  Association  and  the  National  Heart  Institute,  at  which  time  the  major 
problems  encountered  in  collecting  and  evaluating  dietary  data  in  such  epidemi- 
ological studies  of  cardiovascular  disease  were  critically  reviewed.  Specific 
recommendations  of  this  group  have  resulted  in  a  number  of  projects,  the  intent 
of  which  is  to  provide  data,  methods  or  other  information  which  will  increase 
the  effectiveness,  accuracy,  and  comparability  of  dietary  studies  being  done 
on  a  wide  scale  in  this  country  on  the  epidemiology,  pathogenesis,  etiology 
and  evolution  of  cardiovascular  diseases.  Among  these  projects  are: 

1.  An  extension  and  revision  of  standard  food  composition  tables  is 
being  carried  out  in  cooperation  with  USDA  and- other  agencies. 
One  problem  area  is  the  large  number  of  widely  used,  commercially- 
prepared  mixes  and  ready-to-eat  foods  of  varied  composition  being 
placed  upon  the  market  each  year.  Another  is  the  more  accurate 
evaluation  of  mixed  dishes.  For  these  food  tables  increasingly 
greater  attention  is  being  given  to  the  saturated  and  unsaturated 
fatty  acid  content  of  common  foods. 
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2.  Use  of  an  electronic  computer  for  processing  dietary  data  has 
been  arranged,  using  more  reliable  and  more  specific  food  values, 
such  as  those  for  fatty  acids.  This  provides  a  speedier  and 
more  efficient  method  of  handling  such  data,  and  this  service 
will  be  offered  first  to  grantees  engaged  in  field  studies  in 
cardiovascular  disease. 

3.  A  collection,  compilation,  and  critical  evaluation  of  published 
and  unpublished  work  on  methodology  for  diet  appraisal  has  been 
undertaken  and  Mrs.  Rose  Ernsberger  was  assigned  to  the  section 
to  assist  in  the  translation  and  compilation  of  recent  Russian 
literature  in  the  nutrition  field. 

4.  A  contract  awarded  to  the  University  of  Michigan  in  1959  for 
the  development  of  new  methods  to  determine  dietary  intake  has 
been  extended  to  permit  continuation  of  these  studies  through 
calendar  year  1960.  The  emphasis  is  on  simplified  procedures 
for  large-scale  surveys  that  will  provide  data  of  sufficient 
accuracy  to  serve  as  a  basis  for  more  intensive  followup  studies. 
The  study  combines  the  efforts  of  nutritionists,  sociologists, 
epidemiologists,  and  statisticians. 

5.  Through  a  cooperative  arrangement  with  the  Food  and  Agriculture 
Organization  of  the  World  Health  Organization  and  the  U.  S. 
Department  of  Agriculture,  a  biochemist  was  assigned  to  FAQ 
headquarters  in  Rome  to  assess  the  available  data  on  food  con- 
sumption of  selected  national  populations  throughout  the  world 
with  special  attention  to  the  amount  and  type  of  fat  consumed. 
Following  this  evaluation,  attention  will  be  directed  to  the 
design  of  regional  studies  which  will  produce  data  pertinent 

to  current  research  in  cardiovascular  disease. 

6.  Contract  negotiations  have  been  undertaken  for  the  preparation 
of  a  guidebook  for  anthropologists,  setting  forth  criteria  and 
methods  for  collecting  useful  epidemiological  data  and  specimens. 
Anthropologists  specially  trained  to  collect  such  data  in  the 
course  of  their  regular  studies  may  uncover  valuable  leads  that 
can  be  exploited  by  epidemiologists  in  such  fields  as  cardio- 
vascular disease,  diabetes  and  cancer.  The  data  collected, 
including  blood  and  urine  samples,  physical  measurements,  and 
other  applicable  data,  could  be  sent  to  NIH  or  some  other 
appropriate  research  center  for  medical  and  statistical  analysis. 
When  the  findings  prove  promising,  more  exhaustive  studies  of 
the  same  population  group  would  be  undertaken  by  specialized 
epidemiological  teams.  The  first  such  study  is  being  carried 
out  by  the  Drs.  Gibson  of  the  Smithsonian  Institute  among  the 
Herroro,  an  isolated  African  group  which  has  subsisted  for 
generations  on  a  diet  derived  chiefly  from  dairy  products.  A 
second  similar  study  is  being  developed  among  isolated  and 
primitive  population  groups  in  Mexico. 


3-  S37 


7.  An  intensive  training  seminar  was  arranged  at  the  University 
of  Minnesota  Summer  School  during  June-July  1960  for  nutri- 
tionists and  statisticians  actively  engaged  in  epidemiologic 
studies.  Through  such  a  program  it  is  now  possible  for  those 
individuals  attempting  to  appraise  long  term  dietary  intake 
in  relation  to  disease  occurrence  to  obtain  consultation  and 
exchange  ideas  regarding  the  problems  they  encounter.  It  is 
anticipated  that  more  extensive  use  of  computers  will  result 
from  this  experiment  and  that  new  ideas  for  the  processing 
of  dietary  information  will  develop. 

Geographic  Medicine  and  Genetics  Section 

The  general  aim  of  the  Section  on  Geographic  Medicine  and  Genetics  of 
the  NIAMD  is  to  study  the  differences  in  the  incidence  and  prevalence  of  an 
important  group  of  metabolic  diseases  in  different  populations,  and  to  analyze 
the  relationship  of  these  differences  to  inherited  susceptibility  to  disease. 
Different  human  populations  are  distinguished  from  each  other  by  having  charac- 
teristic genetic  constitutions  (gene  pools).  These  gene  pools  have  developed 
as  a  result  of  the  particular  processes  of  natural  selection  that  have  been 
operative  within  these  populations  over  many  generations.  In  limited  studies 
already  undertaken,  a  study  of  the  genes  (particularly  those  of  physiological 
importance)  characteristic  of  the  population  have  provided  information  on  the 
selective  forces  which  have  determined  their  gene  pool.  In  some  instances 
these  selective  forces  have  been  identified  as  due  to  disease  or  other  envir- 
onmental conditions;  and  from  further  study  of  these  forces  promising  leads 
to  a  better  understanding  of  disease  pathogenesis  and  susceptibility  have  been 
elicited.  Such  studies  need  to  be  extended  and  broadened. 

In  particular,  the  investigative  work  has  been  developed  as  follows: 

1.  The  development  of  techniques  for  determining  inherited  bio- 
chemical differences  between  individuals,  including  those 
characterized  as  genetic  polymorphisms. 

2.  The  discovery  of  new  inherited  traits  in  humans  and  lower 
animals.  The  animal  studies  may  be  utilized  in  experimental 
work  on  selection,  and  for  an  evaluation  of  the  evolution  of 
the  inherited  biochemical  traits. 

3.  Epidemiological  studies  on  the  distribution  of  the  inherited 
traits  in  different  populations,  particularly  in  those  still 
living  under  primitive  conditions,  and  under  widely  different 
environmental  stresses.  Thus,  West  African,  Eskimo,  and  Central 
Pacific  populations  have  been  studied  recently. 

4.  The  study  of  the  biochemistry  and  genetics  of  these  traits. 

5.  The  elucidation  of  the  relationship  of  these  traits  to  disease. 

Several  investigations  have  been  conducted  during  the  past  year  and 
some  of  these  are  described: 
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Beta  Amino  Isobutyric  Acid  (BAIB)  Excretion 

Some  humans  excrete  (in  the  urine)  very  small  amounts  of  an  amino  acid, 
beta  amino  isobutyric  acid  (BAIB),  which  is  a  breakdown  product  of  purine,  a 
chemical  constituent  of  many  cells.  Others  excrete  large  amounts  of  this 
material,  and  it  has  been  shown  that  they  possess  two  recessive  genes  for  this 
trait,  while  the  low  excreter  people  have  either  two  of  the  alternate  dominant 
gene  for  low  excretion,  or  one  of  each  of  the  genes.  This  character  may  be 
changed  by  environmental  conditions;  thus,  individuals  who  have  been  irradiated, 
or  who  develop  certain  kinds  of  leukemia,  have  an  increased  BAIB  excretion. 
Very  little  is  known  concerning  the  distribution  of  this  gene  for  high  ex- 
cretion in  different  world  populations.  During  a  recent  field  trip  to  Alaska, 
it  was  found  that  American  aborigines  had  a  high  prevalence  of  high  excreters 
(Eskimo,  23  percent;  Indian,  56  percent,  compared  to  U.  S.  whites,  10  percent), 
with  no  apparent  association  with  disease.  Of  even  greater  interest  was  the 
finding  that  Micronesians  from  the  atoll  of  Rongelap  in  the  Central  Pacific 
had  an  extremely  high  frequency  of  high  excreters — nearly  90  percent.  These 
people  had  been  subjected  to  high  levels  of  radioactive  fallout,  but  it  is 
unlikely,  though  not  impossible,  that  the  increase  in  urinary  BAIB  excretion 
was  due  to  the  radiation.  The  alternate  explanation  is  that  the  high  prevalence 
is  due  to  a  focus  of  the  high-excreter  gene  in  this  population.  We  now  wish 
to  determine  whether  this  high  frequency  of  high  excreters  is  present  in  other 
related  populations,  and  if  so,  why  this  distribution  should  exist.  Studies 
in  populations  from  Viet  Nam,  Java,  Tahiti,  and  South  America  are  in  progress. 
Further  studies  on  other  populations  in  South  America  and  the  Pacific  are  con- 
templated, as  are  investigations  into  the  relationship  between  this  trait  and 
diseases  which  affect  purine  metabolism. 

Prevalence  of  Arthritis  in  the  Alaskan  Eskimos 

During  the  course  of  field  work  in  Alaska,  a  survey  of  the  prevalence 
of  osteoarthritis  of  the  hands  and  wrists  (as  detected  by  X-rays)  in  the 
Eskimos  was  completed.  When  this  was  compared  to  a  similar  study  on  U.  S. 
white  subjects,  it  was  found  that  there  was  very  much  less  osteoarthritis  in 
the  Eskimos  when  suitable  corrections  for  sex  and  age  were  made.  It  is  not 
clear  why  this  difference  exists,  and  no  obvious  environmental  cause  for  the 
difference  has  as  yet  been  detected,  although  such  a  cause  may  eventually  be 
found.  It  is  possible  to  speculate  that  the  present  low  prevalence  in  the 
Eskimos  may  be  due  to  selection  during  the  course  of  many  generations  against 
those  who  might  develop  osteoarthritis,  since  such  individuals  would  be  less 
likely  to  withstand  the  rigors  of  Arctic  life;  that  is,  the  present  situation 
is  a  result  of  the  special  evolution  of  the  Eskimos.  Much  more  work  must  be 
done  before  this  notion  could  be  substantiated;  the  findings  should  be  re- 
checked  in  Alaskan  and  other  Arctic  populations  (including  Lapps  and  Siberian 
Arctic  people),  and  in  particular,  possible  environmental  causes  for  the 
difference  should  be  sought. 

Haptoglobins 

The  haptoglobins  are  a  family  of  proteins  found  in  the  serum  of  humans 
and  other  animals.  They  are  characterized  by  their  ability  to  bind  hemoglobin, 
a  protein  of  the  red  blood  cells;  and  this  appears  to  be  related  to  their 
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physiological  function  in  the  body.  There  are  three  patterns  seen  in  most 
human  populations  which  are  hereditary,  and  are  probably  due  to  the  presence 
of  two  paired  genes.  The  frequencies  of  these  inherited  haptoglobin  types  in 
different  populations  varies  enormously.  Thus,  the  haptoglobin  11  type  is 
found  in  more  than  50  percent  of  some  African  tribes,  but  in  only  7  percent 
of  some  Eskimo  or  Indian  groups.  Also,  some  individuals  appear  to  have  no 
haptoglobin  in  their  serum  at  all.  As  it  is  probable  that  these  proteins  are 
in  some  way  involved  in  hemoglobin  transport  in  the  blood,  it  appears  likely 
that  the  physiology  of  the  individuals  without  haptoglobin  would  be  markedly 
affected  in  some  manner.  Further  research  is  needed  to  determine  why  these 
genes  vary  in  different  populations  and  how  exactly  they  are  related  to  physi- 
ological and  pathological  conditions. 

Other  studies  in  progress  concern  inherited  biochemical  traits  and  in- 
clude the  following: 

1.  The  beta-globulins,  (transferrins)  which  are  involved  in  iron 
transport  in  the  blood. 

2.  The  gamma-globulins,  which  may  be  involved  with  differences  in 
the  immunological  responses  of  individuals. 

3.  The  taste- test  phenomenon  (the  ability  to  taste  phenylthio- 
carbamide  and  a  wide  variety  of  related  chemicals)  which 
almost  certainly  has  some  connection  with  thyroid  disease. 

Field  trips  to  South  America,  the  Pacific,  and  Arctic  communities  are 
contemplated,  in  order  to  assess  more  fully  the  distribution  of  this  and 
other  traits,  and  their  relationship  to  the  endemic  diseases.  Studies  on 
the  chemical  and  physiological  properties  of  the  inherited  chemical  traits 
and  clinical  studies  on  their  relationship  to  disease  are  also  contemplated. 

Working  Seminar  on  Genetic  Polymorphisms  and  Geographic  Variations  in  Disease 

In  February  1960  about  45  distinguished  scientists  drawn  from  such 
fields  as  biochemistry,  epidemiology,  medical  genetics  and  medical  anthro- 
pology met  at  the  National  Institutes  of  Health  to  discuss  studies  in  progress 
and  to  assist  in  the  planning  and  development  of  the  expanding  program  of  the 
Branch.  Papers  presented  at  the  conference  and  the  discussion  have  been  com- 
piled and  issued  as  the  Proceedings  of  the  Conference  on  Genetic  Polymorphisms 
and  Geographic  Variations  in  Disease,  1960.  This  volume  issued  in  mimeograph 
form  has  been  in  great  demand  and  is  being  considered  by  a  commercial  publisher 
for  publication  in  book  form.  Dr.  Blumberg  served  as  convener  of  the  conference 
and  editor  of  the  Proceedings.  This  pilot  seminar  was  limited  to  workers  in 
the  United  States;  contemplated  followup  of  this  session  includes  exploration 
with  appropriate  international  agencies,  including-  the  WHO,  in  expectation 
that  a  larger  group  of  competent  investigators  may  be  brought  together  at  a 
later  date  for  further  exchange  of  information  and  the  planning  of  cooperative 
studies  on  a  world-wide  basis. 
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Part  A 

Project  Title:  Administration 

Principal  Investigators:   Dr.  Floyd  S.  Daft,  Director 

Dr.  G.  Donald  Whedon,  Assistant  Director 
Mr.  W.  G.  Baylis,  Executive  Officer 

Project  Description: 

Admini s t ration :   The  program  responsibilities  of  the  National 
Institute  of  Arthritis  and  Metabolic  Diseases  include  (1)  Basic  Laboratory 
Research;  (2)  Clinical  Investigations;  (3)  Extramural  Activities  (Research 
Projects,  Research  Fellowships  and  Training  Grants);  and  (4)  Collaborative 
and  Field  Studies.   The  Office  of  the  Director  is  responsible  for  planning 
and  directing  the  overall  administration  of  the  Institute  which  conducts 
and  coordinates  investigation  of  the  cause,  prevention,  diagnosis  and 
treatment  of  arthritis  and  rhetmiatic  diseases,  diabetes,  gastroenterology, 
and  diseases  of  metabolism;  for  maintaining  effective  operating  relation- 
ships with  other  Institutes  and  with  other  units  of  the  Public  Health 
Service;  with  the  Department  of  Health,  Education  and  Welfare;  and  with 
public  and  private  organizations  carrying  on  related  functions.   Also, 
the  Office  of  the  Director  is  responsible  for  providing  business  manage- 
ment services  to  the  Interdepartmental  Committee  on  Nutrition  for  National 
Defense.   This  Committee,  which  is  composed  of  representatives  from  the 
Department  of  Defense,  Department  of  Agriculture,  Atomic  Energy  Commission, 
International  Cooperative  Administration  and  the  Department  of  State, 
conducts  Nutrition  surveys  in  those  countries  in  which  the  United  States 
has  a  special  interest.  The  Office  of  the  Director  also  participates  in 
determining  policies  governing  the  National  Institutes  of  Health. 

During  the  past  year  the  organization  of  the  Institute  was  expanded 
through  the  establishment  of  two  new  Branches  (Pediatric  Metabolism  and  the 
Epidemiology  and  Biometry  Branch)  and  the  creation  of  two  new  sections 
(Biophysical  Histology  and  Rheumatic  Diseases)  within  the  Laboratory  of 
Pathology  and  Histochemistry. 
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The  Institute  and  the  American  Diabetes  Association  were  co-sponsors 
of  the  Diabetes  Program  Directors'  Workshop  which  was  held  in  Los  Angeles, 
California,  January  22-23,  1960.  There  was  also  active  participation  -by 
the  Institute  in  the  Fifth  International  Congress  on  Nutrition  which  was 
held  in  Washington,  D,  C,  September  1-7,  1960.   The  Executive  Committee 
for  this  Conference  included  the  Director,  NIAMD,  in  his  capacity  as 
President  of  the  American  Institute  of  Nutrition. 
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Tlie  National  Institute  of  Arthritis  and  Metabolic  Diseases  continued 
throughaat  the  past  year  to  have  a  strong  and  well  balanced  program  in  basic 
research  and  in  clinical  investigation.   Research  projects  have  encompassed 
a  great  many  problems  including  arthritis,  diabetes,  gastrointestinal 
diseases,  some  of  the  blood  diseases,  endocrine,  and  nutritional  disorders. 
A  few  examples  of  these  projects  will  be  discussed. 

Research  Grants  Activities 

The   year  I96O  marks  the  tenth  anniversary  of  the  founding  of  this 
Institute.   As  of  December  I96O,  the  National  Institute  of  Arthritis  and 
Metabolic  Diseases  was  supporting  approximately  213O  research  projects  at  a 
level  of  $30,500,000  in  the  United  States  and  in  foreign  countries.   This 
is  to  be  contrasted  with  a  support  of  about  l640  research  projects  having  a 
total  of  about  $25,568,000  as  of  one  year  ago. 

In  1959  the  Institute  had  research  projects  in  six  foreign  countries. 
This  figure  has  now  tripled  to  I8  countries. 

Tne  National  Advisory  Arthritis  and  Metabolic  Diseases  Council,  at 
its  three  meetings  in  the  calendar  year  I96O  reviewed  2888  research  grant 
applications  having  a  total  requested  amount  of  $50,678,600.   These  in- 
cluded 1617  reaffirmations  of  previously  recommended  support  in  the  amount 
of  $25,403,394.   Of  the  remainder,  867  were  recommended  for  approval  in  the 
amount  of  $15, 111, 953-   The  approved  applications  consisted  of  I78  competi- 
tive continuations  in  the  amount  of  $3,426,851  -  552  new  applications  in  the 
amount  of  $10,l80,211  -  and  137  supplemental  requests  totaling  $1,504, 09I. 
These  council  actions  are  summarized  below. 


Research  Grants 


Requests 

Approvals 

Council  Meeting 

No. 

Amount 

No. 

Amount 

March  i960 
June  i960 

Nov.  i960 

454 

1617* 

359 

458 

$  8,712,554 

25,403,394 

7,654,164 

8,908,494 

314 

1617 

249 

304 

$  4,904,464 

25,403,394 
4,733,772 
5,473,697 

Total 

Total 

Approvals 

2464 

$40,515,347 

~*  Requests  for  reaffirmation  of  previously  recommended  support. 

Cooperative  Diabetes . Study 

The  introduction  of  the  oral  hypoglycemic  agents  for  the  treatment  of 
diabetes  mellitus,  now  being  used  by  thousands  of  patients,  has  raised  in 
many  minds  the  question  as  to  their  possible  effect  on  the  cause  of  diabetes 
and  the  rate  of  development  of  the  degenerative  vascular  complications  that 
occur.   Up  to  the  present  time,  the  natural  history  of  diabetes  mellitus  has 
not  been  scientifically  described  in  the  modern  epidemiological  sense  and  it 
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would  be  impossible  to  evaluate  findings  based  on  a  study  of  patients  on  the 
new  drugs  alone  until  concurrent  central  studies  are  done. 

Seven  principal  investigators,  an  eminent  epidemiologist,  and  some  25 
of  their  associates  now  compose  a  group  which  is  being  supported  by  funds 
from  the  NIAMD  and  from  their  own  institutions. 

They  will  investigate  the  incidence  and  severity  of  late  diabetic 
complications  such  as  retinopathy,  atherosclerosis,  kidney  and  nervous  system 
disorders,  in  large  groups  of  reasonably  controlled  patients  treated  in 
various  ways.   The  therapeutic  measures  being  used  to  control  diabetes  are: 

(1)  Special  diet 

(2)  Special  diet  plus  the  oral  drug  tolbutamide 

(3)  Special  diet  plus  insulin  given  in  dosage  to  maintain  good  chemical 
control  of  blood  sugar  levels. 

(h)      Special  diet  plus  a  fixed  dosage  of  insulin  administered  on  the  basis 
of  body  weight. 

Medical  Genetics 

During  the  past  few  years  rapid  progress  in  the  study  of  hereditary 
diseases  has  been  effective  in  bringing  the  field  of  genetics  much  closer 
to  clinical  medicine. 

An  example  of  this  is  Wilson's  disease,  a  syndrome  which  represents 
the  end  results  of  an  hereditary  defect  in  copper  metabolism.   There  is  a 
deficiency  of  the  plasma  copper  protein,  ceruloplasmin,  and  progressively 
fatal  degeneration  of  the  liver.   Excessive  amounts  of  copper  accumulate 
in  the  liver,  brain,  and  urine,  and  the  urinary  excretion  of  amino  acids 
also  increases. 

Dr.  I.  Herbert  Scheinberg  and  coworkers  have  been  treating  patients 
with  a  regimen  designed  to  minimize  the  absorption  of  dietary  copper  and  to 
promote  the  excretion  of  copper  already  in  the  body.   Obse2rvations  indicate 
that  removal  of  copper  from  these  patients  produces  amelioration  of  symptoms. 
A  spot  test  for  measuring  ceruloplasmin  developed  by  these  grantees  in 
connection  with  this  problem,  may  be  used  in  a  routine  screening  procedure. 
This  is  important  since  the  signs  and  symptoms  of  the  disease  rarely  occur 
before  the  age  of  seven  or  eight  years,   although  the  deficiency  in 
ceruloplasmin  appears  to  be  present  from  birth. 

Another  example  of  a  hereditary  metabolic  disease  is  alcaptonuria, 
the  first  of  the  genetically  determined  "inborn  errors  of  metabolism". 
The  pathologic  picture  of  all  components  of  the  alcaptonuria  syndrome  is 
that  of  a  generalized  metabolic  disorder  which  diffusely,  but  secondarily, 
affects  the  mesodermal  connective  tissues.  Dr.  Robert  Milch  has  investigated 
kj   cases  of  the  disease  in  eight  generations  of  eight  interrelated  Dominican 
kindreds.   His  data  supported  the  hypothesis  that  the  alcaptonuria  syndrome 
is  inherited  as  if  in  consequence  of  a  rare,  simple^  autosomal  recessive 
allele. 
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Carbohydrate  Studies 

The  utilization  of  glucose  by  striated  miscle  of  the  diabetic  animal 
is  markedly  Impaired.   Dr.  David  Kipnis  and  Dr.  Carl  F.  Cori  are  attempting 
to  resolve  the  question  of  whether  this  is  a  consequence  of  decreased 
cellular  permeability  or  a  diminution  in  the  ability  of  muscle  to  phosphory- 
late  glucose.   The  work  of  these  investigators  supports  the  observations 
that  both  processes  are  impaired  in  the  diabetic  state.   The  role  of  the 
pituitary  cortico- adrenal  system  in  the  regulation  of  the  blood  sugar  level 
has  long  been  recognized,  but  the  point  of  action  has  not  been  clearly 
defined,  mainly  because  it  has  not  been  possible  to  differentiate  between 
penetration  and  phosphorylation  in  intact  muscle.   Results  obtained  are  con- 
sistent with  the  hypothesis  that  the  function  of  the  cell  membrane  as  a 
regulator  of  metabolism  is  under  the  influence  of  insulin  and  that  the  sub- 
sequent step  of  phosphorylation  is  under  the  influence  of  the  pituitary- 
adrenal  system.   Therefore,  either  penetration  or  phosphorylation  can  become 
the  rate  lirr.ting  process  for  blood  sugar  utilization. 

Effect  of  Growth  Hormone  on  Protein  Synthesis      " 

Using  an  "intact"  _in  vitro  rat  diaphragm,  investigators  Dr.  David  M, 
Kipnis  and  Dr.  Eric  Reiss  have  studied  the  metabolic  events  regulating 
protein  synthesis.   Amino  acid  transport  decreased  50^  following  hypophysec- 
tcmy  and  was  restored  to  normal  by  in  vivo  administration  of  growth  honnone. 
Amino  acid  incorporation  into  protein  decreased  505&  following  hypophysectomy 
and  was  restored  to  normal  by  bovine  growth  hormone  administered  in  vivo. 
The  transport  and  synthesis  processes  are  so  intimately  coordinated  that 
changes  in  one  are  accompanied  by  similar  changes  in  the  other. 

New  Technique  for  Using  Artificial  Kidney 

A  number  of  investigators  now  believe  that  critically  ill  patients 
who  develop  acute  renal  failixre  should  not  be  allowed  to  develop  the  uremic 
syndrome.   Preventing  the  uremic  syndrome  often  requires  frequent,  even 
daily,  hemodialyses  and  this  task  led  Dr.  Beldlng  H.  Scribner  and  his  co- 
workers to  attempt  continuous  hemodialysis  for  a  total  of  J+8  patient  days. 
They  found  that  this  procedure  appeared  to  be  a  safe  and  practical  alterna- 
tive to  repeated  intermittent  dialysis  and  that  it  has  certain  advantages. 
Since  no  blood  priming  is  required^  blood  consumption  is  greatly  reduced. " 
Regional  heparinization  reduces  the  danger  of  hemorrhage.   Continuous  adjust- 
ment of  electrolyte  balance  prevents  the  rapid  and  often  dangerous  shifts 
that  can  take  place  with  intermittent  dialysis.   Continuous  nitrogen  removal 
prevents  recurrences  of  uremia  even  in  highly  catabolic  patients. 

Synthetic  ACT5  Duplicates  Natural  Hormone's  Properties 

The  ACTH  molecule  with  all  the  biological  activity  of  natural  ACTH 
has  been  synthesized  by  a  group  of  biochemists  headed  by  Dr.  Klaus  Hofmann, 
at  the  University  of  Pittsburgh  School  of  Medicine.  The  synthetic  polypep- 
tide contains  23  amino  acids,  has  a  molecular  weight  of  3200,  and  is  the 
largest  polypeptide  yet  synthesized.   According  to  Dr.  Hofmann,  knowing  how 


to  synthesize  ACTH  means: 

(1)  The  pituitary  gland's  functions  may  be  clarified, 

(2)  The  structiore  of  ACTH  can  be  changed  more  easily  to  obtain  different 
biological  properties, 

(3)  The  same  s^Tithesis  techniques  may  be  used  to  make  other  complex 
polypeptide  molecules. 

The  complete  synthesis  climaxes  almost  seven  years  of  work  by 
Dr.  Hofmann  and  co-workers.   In  1959^  they  synthesized  a  compound  containing 
the  first  13  amino  acids.   This  compound  has  biological  activity  identical 
with  that  of  alpha -MSE  (alpha  melanocyte  -  stimilating  hormone  which  darkens 
skin).   Alpha -MSH,  though,  has  no  clinical  uses  as  yet.   The  scientists  then 
built  up  the  alpha-MSH  chain  to  complete  the  synthesis. 

Biological  activity  of  the  synthetic  ACTH  was  verified  by  assays  at 
Armour  Pharmac:?utical.   The  new  synthesis  which  can  be  adapted  to  produce 
gram  lots  and  clinical  testing  of  the  synthetic  hormone,  will  be  started 
soon.  ■ 

Support  of  conferences  by  NIAMD  in  I96O  was  extensive  and  included: 

(1)  Fifth  International  Congress  on  Nutrition 
Washington,  D.  C,  September  1-7,  I960 
Dr.  Robert  R.  Williams 

(2)  Fourth  International  Goiter  Conference 
London,  England,  July  5-9,  I96O 

Dr.  John  C  McClintock 

(3)  Conference  on  Contractile  Mechanisms 
Pittsburgh,  Pa. ,  January  27-30,  I96O 
Dr.  Paul  J.  Flory 

{k)      First  International  Congress  of  Endocrinology 
July  i960,  Copenhagen,  Denmark 
Dr.  Henry  H,  Turner 

(5)  i960  Congress  of  the  International  Orthopaedic  Surgery 

and  Traumatology  -  New  York,  N.  Y. ,  September  I96O 
Dr.  Alfred  R.  Shands,  Jr. 

(6)  Symposium  on  Anatomy  and  Biomechanics 
New  York,  N.  Y. ,  April  10- I7,  I96O 
Dr.  Louis  B.  Flexner 

(7)  Protein  Needs  of  Infants  and  Children 
USA,  August  i960 

LeRoy  Voris 
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(8)  Third  International  Conference  for  PhotoMology 
Copenhagen,  Denmark,  July  31  -  August  5,  1960 
Dr.  Frank  L.  Campbell 

(9)  Genetic  Approach  to  Study  of  Gastrointestinal  Disease 
March  I96O,  Nev  Orleans,  Louisiana 

Dr.  Albert  I.  Mendeloff 

(10)  i960  International  Conference  on  Medical  Electronics 
London,  England,  July  21-27,  I96O 

Dr.  Lee  B.  Lusted/Zworykin 

(11)  Seminar  -  Mechanism  of  Formation  of  Organic  Matrix  -  i960 
Washington,  D.  C. ,  R.  Keith  Cannan,  D.Sc. 

(12)  Conference  on  Vitamin  C. 

New  York,  W.  Y. ,  October  7-8,  I96O 
Dr.  Charles  Glen  King 
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Training  Grant  Activities 

Daring  i960  there  was  an  expansion  of  active  training  grants  to  a 
total  of  221  distributed  by  category  as  follows:   Arthritis  5O;  Diabetes  6I; 
Gastroenterology  3k;   Hematology  32;  Metabolism  and  Endocrinology  23; 
Physical  Biology  16;  and  others  5. 


Training  Grants 

Request 

Approvals 

No.          Amount 

No. 

Amount 

81     $  2,Ht,889 
53       1,622,808 
k2                    1,227,131 

6k 
k6 
38 

$  l,i^79,057 
1,228,281(- 
1,020,670 

.76       $  5,297,828 

li^ 

$  3,728,011 

Council  Meeting 

March  I96O 
June  i960 
Nov.  i960 

Total 

For  a  number  of  years  the  NLAMD  has  accepted  the  responsibility  for 
the  training  of  qualified  individuals  seeking  additional  skills  and  know- 
ledge in  the  field  of  Hematology.  In  order  to  provide  review  of  the  highest 
quality  for  the  increasing  number  of  grants  in  this  area  a  training  committee 
in  Hematology  was  established  and  the  first  meeting  held  in  March  I96O. 
The  Hematology  Training  Grants  Committee  has  also  accepted  major  responsi- 
bility for  the  preliminary  review  of  pediatries  training  grant  applications. 

Training  grants  in  the  field  of  Physical  Biology  which  had  been 
supported  by  the  I'JLAMD  were  reassigned  to  the  DWS   in  exchange  for  clinically 
oriented  programs  in  the  fields  of  Pediatrics  and  Dermotology.   Thirty  one 
active  training  grants  in  Pediatrics  and  Dermotology  totaling  $1,087,069 
were  received  in  exchange  for  16  active  grants  in  Physical  Biology  totaling 
$927,14-23. 

Program  Directors  of  the  Diabetes  Training  programs  met  in  Los  Angeles 
in  January  I96O. 

Direct  Traineeships 

January  1,  i960  -  December  31,  I96O 

Requests  Approvals 

No.       Amount  No.       Amount 


106    $  6!+0,571 


62      $  392,250 


SK3 


Jan. 


Type 

Predoctoral 

Postdoctoral 

Special 


Research  Fellovshlps 

Reguests  Approvals 

1  -  Nov.  25,  i960          Jan.  1  -  Dec.  3I,  I96O 

No.         Amount  No.         Amount 


k2 

119 

32 


$  126,420 
725,067 
268,608 


25 

lOil- 

20 


$  75,250 
633,672 
167,880 


Several  new  fellovsMp  programs  were  evolved  during  the  past  year 
which  will  be  of  interest  to  investigators  working  in  the  categorical  areas 
of  the  NIAMD. 

1.  Career  Research  Professor  Program. 

2.  Special  Fellowship  Grant  Program. 

3.  Senior  Fellowship  Grant  Program. 
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INTERDEPARTMENTAL  COMMITTEE  ON  NUTRITION  FOR  NATIONAL  DEFENSE 
Annual  Project  Report 
Calendar  Year  1960 

During  1960,  the  ICNNIK'  has  conducted  nutrition  surveys  in  Chile, 
Colombia,  Taiwan,  and  Thailand,  in  addition  to  completing  the  work 
involved  in  the  survey  of  Vietnam.   Greater  emphasis  was  placed  on  the 
nutritional  status  and  nutritional  needs  of  the  civilian  population  in 
the  areas  surveyed,  where  malnutrition  has  economic  as  well  as  health 
implications. 

The  work  of  ICNND  is  of  value  not  only  to  the  countries  where  ' 
nutrition  surveys  are  conducted,  but  it  has  become  increasingly  valuable 
to  the  National  Institutes  of  Health  and  various  other  institutions  in 
the  field  of  health  and  medical  research.  One  of  the  most  direct  benefits  ■ 
has  been  the  training  of  personnel  in  clinical  nutrition;  in  addition, 
NIAMD  has  been  able  to  extend  considerably  its  knowledge  of  nutritional 
diseases  associated  with  dietary  deficiencies  prevalent  in  the  populations 
surveyed.  Additional  information  also  has  been  obtained  on  calcium  require- 
ments, mineral  metabolism  in  relation  to  bladder  stone  formations,  and 
the  relationship  between  nutrition  and  diabeites.   The  National  Institute 
of  Dental  Research,  through  active  participation  in  the  nutrition  surveys, 
has  added  considerably  to  its  basic  information  on  epidemilogy  and  dental 
diseases  in  relation  to  the  nutritional  status  in  various  countries.  As 
a  result  of  the  nutrition  survey  in  Vietnam,  for  example,  plans  have  been 
developed  for  a  special  study  in  that  country  to  ascertain  the  relationship 
of  beriberi  to  inadequate  intakes  not  only  of  thiamine,  but  also  of  ribo- 
flavin and  other  essential  nutrients;  also  to  study  mineral  metabolism 
in  relation  to  calcium  intake  and  the  incidence  of  bladder  stones. 

The  findings  of  the  nutrition  surveys  also  are  useful  to  our 
Armed  Forces,  the  U.S.  Operations  Missions,  and  the  Foreign  Agricultural 
Service  in  planning  assistance  programs. 

Vietnam  -  In  Vietnam  the  survey  included  4,516  civilians  and  2,820  military 
personnel. 


\l     Membership  on  the  Committee  includes  representatives  from  the  Depart- 
ments of  Defense,  State,  Agriculture,  and  Health,  Education,  and  Welfare, 
and  the  International  Cooperation  Administration  and  the  Atomic  Energy 
Commission.   The  ICNND  is  administered  by  a  Secretariat  which  functions 
through  the  National  Institute  of  Arthritis  and  Metabolic  Diseases  of  the 
National  Institutes  of  Health. 
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The  clinical  and  dental  data  from  the  Vietnam  survey  (conducted 
October-December  1959)  were  processed,  food  samples  and  composites  were 
chemically  analyzed,  and  further  biochemical  determinations  were  performed. 
The  results  of  the  various  aspects  of  the  survey  were  compiled  into  a 
preliminary  report  which  was  discussed  with  the  U.S.  Missions  in  Vietnam 
and  the  Vietnamese  government  in  July.   The  major  nutrition  problems 
elucidated  were:   (1)  nation-wide  deficits  of  thiamine  (vitamin  Bi)  and 
riboflavin  (vitamin  B2) ,  both  among  the  military  and  civilian  groups 
studied;  (2)  regional  endemic  goiter,  related  to  iodine  deficiency,  in 
the  mountainous  inland  area  and  in  the  central  delta;  (3)  anemia  of 
major  proportions,  in  part  related  to  iron  deficiency  secondary  to 
parasitic  infestation,  and  (4)  sporadic  incidences  of  vitamins  A  and  C 
deficits  among  military  and  civilian  groups.   The  most  serious  problem 
is  that  of  thiamine  deficiency,  a  situation  largely  due  to  the  consumption 
of  100  percent  milled  rice  throughout  the  country  to  the  almost  complete 
exclusion  of  undermilled  or  home-pounded  rice.   Feasible  solutions  to 
these  probleviT  as  well  as  the  possibilities  for  future  cooperative  work 
in  clinical  nutrition  within  Vietnam  were  discussed  in  detail  in  July  in 
Saigon,  subsequent  to  which  the  final  report  with  recommendations  was  pre- 
paied  and  submitted  in  December  to  the  President  of  Vietnam  and  the 
agencies  within  the  Vietnamese  and  U.S.  governments  concerned  with  nutri- 
tion in  Vietnam.   In  December,  it  was  very  encouraging  to  see  the  nutrition 
laboratory  established  by  the  ICNND  working  well  with  an  increasing  staff, 
to  see  several  of  the  major  recommendations  being  actively  pursued 
(particularly  supplementation  of  military  rice  with  thiamine  and  ribo- 
flavin, and  the  establishment  of  a  national  interdepartmental  committee 
on  nutrition) ,  and  to  find  keen  interest  in  the  national  nutrition  problems 
by  the  President,  The  Ministry  of  Health,  and  The  Ministry  of  Defense. 

Chile  -  March  20--June  4,  1960  -  The  survey  in  Chile  included  examination 
of  4,267  military  personnel  and  5,351  civilians  in  18  different  parts  of 
the  country.   The  survey  consisted  of  four  major  parts:   (1)  A  study  of 
agricultural  production  both  actual  and  potential,  and  of  food  processing; 
(2)  A  clinical  survey;  (3)  Food  intake  analysis  -  In  the  military  casinos 
this  was  accomplished  by  actual  analysis  of  the  quantity  and  quality  of 
food  eaten  per  soldier  on  the  days  of  the  investigation;  and  (4)  Laboratory 
chemical  analyses  were  made  of  the  essential  nutrients  in  blood  and  urine 
and  actual  food  analysis  of  aliquot  samples  collected  in  the  field. 

Conclusions:   In  terms  of  Calories  Chilean  food  production  with 
present  imports  is  marginally  adequate  for  its  present  population, 
although  its  agricultural  potential  is  such  as  to  be  able  to  feed  several 
times  its  present  population.   Chilean  local  food  production  is  inadequate. 
Food  wastage  due  to  inadequate  transportation,  storage,  canning,  marketing, 
and  refrigeration  facilities  is  extremely  high.  Military  ration  is 
calorically  adequate  but  there  are  wide  variations  in  the  supply  of  food 
to  troops,  resulting  in  obesity  and  food  waste  in  some  areas  and  marginal 
adequacy  in  others. 

Seasonally  and  geographically  the  military  diet  is  deficient  in 
vitamin  C.  Vitamin  A  intake  in  the  military  for  some  men  in  some  areas 
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appears  to  be  marginal  to  deficient.   The  Calorie  intake  of  the  civilian 
population  would  be  barely  adequate  to  meet  ordinary  needs  if  distribution 
was  entirely  equitable  within  the  population.   It  is  not,  so  there  is  mal- 
nutrition to  be  found  in  both  the  growing  and  the  adult  populations.   The 
diet  of  civilians  in  the  lower  economic  income  status  is  deficient  in 
protein,  riboflavin,  and  vitamin  C.   Sanitation  is  very  inadequate.  This 
phenomenon  when  coupled  with  basically  underfed  infants  largely  accounts 
for  the  very  serious  infant  and  child  morbidity  and  mortality  rates.   The 
caloric  and  nutrient  requirements  of  pregnant  women,  lactating  mothers, 
and  heavy  laborers  are  exceedingly  hard  to  meet  for  both  supply  and 
economic  reasons. 

Dental  caries  and  periodontal  disease  are  extensive  in  Chile. 
Northern  Chile  benefits  from  what  appear  to  be  dental  fluorosis  not 
observed  in  the  central  and  southern  regions.  Blood  cholesterol  levels 
among  military  men  are  relatively  high  in  the  presence  of  relatively  low 
fat  intake.   r)tudies  of  atherosclerosis  seem  to  be  indicated. 

Colombia  -  May  27  to  August  15,  1960  -  Slightly  over  10,000  persons  were 
exn'jnined  during  the  nutrition  survey  in  Colombia,  including  4,000  members 
of  the  Armed  Forces.   The  examinations  were  conducted  in  14  major  areas  of 
the  country.   Survey  procedures  included  clinical  examinations,  biochemical 
analyses  for  vitamins  and  other  nutrients  in  blood,  urine,  and  food  samples, 
parasitological  examinations  of  stool  samples,  and  collection  of  blood  films 
for  malaria  examinations.   In  addition,  samples  of  serum  from  all  parts  of 
the  country  were  submitted  to  the  Middle  America  Research  Unit  of  Gorgas 
Hospital  in  Panama  for  special  virus  antibody  studies.   Additional  important 
procedures  included  complete  dental  evaluations,  studies  of  food  production, 
processing  and  distribution,  and  dietary  intake  studies  in  military  and 
civilian  groups.   In  general,  the  clinical  nutritional  status  of  the  Armed 
Forces  was  good  at  the  time  they  were  examined.  Among  the  civilians  the 
principal  observations  of  clinical  interest  were  those  of  goiter,  evidence 
of  anemia^and  typical  examples  of  marasmus  and  protein  deficiency  syndromes 
in  preschool  children. 

Taiwan  -  September  18  to  October  15,  1960  -  The  resurvey  in  Taiwan  was  con- 
ducted by  a  team  of  nine  Americans,  including  a  medical  officer  from  MAAG> 
and  by  approximately  30  Chinese  of  the  medical  and  quartermaster  departments 
of  the  Armed  Forces.   The  major  purpose  was  to  assess  the  nutritional  benefit 
of  the  rice  enrichment  program  established  as  a  result  of  the  survey  con- 
ducted by  the  U.S.  Army  in  1954.  Nearly  4,000  troops  of  the  three  services 
were  examined  clinically  in  eight  areas.   Blood  and  urine  samples  from  more 
than  300  men  from  all  over  Taiwan  were  examined  biochemically  for  assess- 
ment of  nutriture  at  the  laboratory  of  the  National  Defense  Medical  Center 
in  Taipei. 

Encouraging  progress  is  being  made  in  agriculture  and  food  technology 
on  Taiwan  including  aspects  affecting  military  feeding.  Preliminary  calcu- 
lations of  nutrient  intakes  in  military  messes  are  satisfactory  with  the 
possible  exception  of  vitamins  A  and  C.   Clinical  examination  showed  the 
men  to  be  in  excellent  condition.   There  was  no  evidence  here  or  in  the 
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biochemical  results  to  suggest  vitamin  A  or  C  deficiency.   The  high  inci- 
dence of  angular  scars  of  the  lips  doubtless  reflects  the  high  rates  of 
angular  stomatitis  five  years  ago.   Higher  rates  of  many  lesions  were  seen 
in  Hsinchu  where  those  examined  had  been  recently  drafted  into  the  Army. 
This,  plus  the  lower  percent  of  standard  weight,  suggests  that  the  nutri- 
tional status  of  the  civilian  population  is  not  as  good  as  that  of  the  Army. 
The  rather  consistent  incidence  of  enlarged  thyroid  gland  appears  to  support 
the  plans  now  under  consideration  to  iodize  the  salt  on  Taiwan.   The  rice 
enrichment  program  appears  to  have  been  very  successful. 

Thailand  -  October  10  to  December  15,  1960  -  The  survey  within  Thailand 
involved  a  team  of  16  ICNND  consultants  and  60  Thai  scientists.  Approxi- 
mately 7,000  physical  examinations  (4,325  military  and  2,392  civilians)  and 
4,000  dental  examinations  were  performed  in  seven  widely  separated  areas 
throughout  the  country.  Military  messes  were  surveyed  in  each  area  and 
dietary  surveys  within  village  population  groups  in  each  area  were  performed. 
Food  technological  and  agricultural  data  were  collected  throughout  the  coun- 
try.  Approximately  600  samples  of  blood  and  urine  were  analyzed  in  the  lab- 
oratory established  in  Bangkok  for  many  of  the  nutritionally  significant 
biochemical  entities.   In  addition,  a  number  of  special  projects  were  under- 
taken, particularly  (1)  a  detailed  study  of  iodine  metabolism  throughout  the 
country  with  stable  iodine  and  radioactive  iodine  techniques;  (2)  a  prelimi- 
nary study  on  the  problem  of  bladder  stones  in  children,  prevalent  in  the 
Northeastern  provinces,  the  study  involving  detailed  study  of  all  children 
in  a  high-incidence  village  with  X- ray,,  clinical,  biochemical,  and  dietary 
techniques  plus  emphasis  on  oxalate  ingestion  and  excretion;  (3)  evaluation 
of  an  instrument  for  quantitation  of  deep  tendon  reflex  loss;  and  (4)  body 
composition  studies  utilizing,  underwater  body  volumetry  and  heavy  water 
techniques.   Preliminary  results  suggest  that  among  the  major  problem  areas 
are  thiamine  and  riboflavin  malnutrition.  Processing  of  the  clinical  and 
dental  data  and  analysis  of  food  samples  is  under  way  currently,  and  prepara- 
tion of  the  report  is  in  its  earliest  phases. 

4th  Armed  Forces  Intemation  Nutrition  Conference,  August  24-31,  1960  - 
The  work  of  the  ICNND  has  led  to  creation  of  the  Armed  Forces  Intemation 
Nutrition  Committee  which  has  now  held  four  conferences-- Iran,  1956; 
Turkey,  1958;  Pakistan,  1959;  and  the  fourth  in  the  U.S.   This'conference  - 
was -attended -by  35  delegates  from_the  following  countries:   Chile,  Colombia, 
Ecuador,  Peru,  Guatemala,  United  Kingdom,  Ethiopia,  Iran,  Pakistan,  Spain, 
Turkey,  The  Philippines,  Taiwan,  and  Vietnam,  and  representatives  from 
FAG,  UNICEF,  and  PAHO.   The  country  delegates  reviewed  the  progress  and 
future  programs  these  countries  have  made  in  improving  food  and  nutrition 
and  exchanged  ideas  for  further  improvement.   Technical  papers  were  pre- 
sented by  representatives  from  Pakistan,  Ethiopia,  Germany,  Iran,..  FAQ,  Spain, 
The  Philippines,  Guatemala,  Taiwan,  Ecuador,  Peru,  Chile,  Colombia,  and 
Vietnam.  The  Secretariat  of  the  ICNND  was  again  elected  to  serve  as  Central 
Secretary  of  the  Armed  Forces  Intemation  Nutrition  Committee. 

The  delegates  made  the  following  recommendations  and  resolutions: 

1)  That  regional  nutrition  committees  be  organized  on  the  pattern  of 
the  Armed  Forces  Intemation  Nutrition  Committee  established  in  1956  by 
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representatives  from  Iran,  Pakistan,  Turkey,  the  United  Kingdom,  and  the 
United  States. 

2)  That  such  regional  nutrition  committees  be  organized  as  designated 
below,  consisting  of  representatives  from  the  following  countries: 

(a)  Western  Pacific  -  Republic  of  China,  Philippines,  Republic  of  Vietnam, 
Republic  of  Korea,  Thailand,  United  States;  (b)  Latin  America  -  Peru, 
Ecuador,  Chile,  Colombia,  Guatemala,  Brazil,  United  States;  (c)  That  the 
present  Committee,  to  be  designated  the  Eurasia-Africa  Regional  Defense 
Nutrition  Committee,  consisting  of  representatives  from  Iran,  Pakistan, 
Turkey,  the  United  Kingdom,  and  the  United  States,  be  expanded  to  include 
representatives  from  Spain,  Ethiopia,  Libya,  and  Lebanon. 

3)  That  each  government  designate  a  representative  to  correspond 
with  the  Secretariat  of  the  Armed  Forces  Intemation  Nutrition  Committee, 
presently  located  with  the  Interdepartmental  Committee  on  Nutrition  for 
National  Defense  (ICNND),  Bethesda,  Maryland,  for  the  purpose  of  disseminating 
reports  and  information,  and  for  arranging  regional  and  intemation  nutrition 
conferences. 

4)  That  continued  cooperation  be  maintained  with  the  FAO,  WHO,  and 
the  UNICEF. 

Cooperative  Study  with  Public  Health  Service  and  NIAMD  -  The  ICNND  provided 
two  clinicians  and  the  U.S.  Army  Medical  Research  and  Nutrition  Laboratory 
one  laboratory  technician  for  a  ten-day  period  in  a  study  with  the  Division 
of  Indian  Health,  PHS,  and  the  NIAMD,  NIH.   This  was  in  conjunction  with  a 
study  in  calcium  metabolism  on  Indian  children  at  the  Mission  and  Pine  Ridge 
Reservations  in  South  Dakota.  Approximately  550  children  were  given  a 
clinical  examination.   On  the  whole,  the  nutritional  status  of  the  children 
compared  favorably  with  similar  groups  seen  in  large  urban  centers  in  the 
United  States. 

Cooperative  Project  with  Institute  of  Nutrition  of  Central  America  and 
Panama  (INCAP)  -  Latin  American  Food  Composition  Table  -  The  Committee, 
through  the  Secretariat,  in  cooperation  with  INCAP,  is  preparing  a  Latin 
American  Food  Composition  Table,  based  on  data  obtained  from  the  Latin 
American  countries  and  INCAP.   Publication  is  scheduled  for  July  1,  1961, 
and  will  be  a  valuable  contribution  to  nutritionists  and  agriculturists 
throughout  Latin  America. 

Second  Edition  of  Manual  for  Nutrition  Surveys  -  Consultant  Subcommittees 
on  Nutritional  Requirements,  Food  and  Agriculture,  and  Standard  Methods  for 
Nutrition  Surveys  have  assisted  the  Secretariat  in  preparing  drafts  for 
the  second  edition  of  the  Manual  for  Nutrition  Surveys.   The  Manual  is  being 
expanded,  with  an  additional  chapter  on  food  analysis,  and  will  incorporate 
experiences  resulting  from  practical  application  of  the  methods  in  appraising 
the  nutritional  status  of  16  countries.   The  second  edition  will  contain 
considerably  more  emphasis  on  nutritional  appraisal  of  civilian  population 
groups. 


SS5 


Follow-Up  Missions  Sponsored  by  the  ICNND  -  The  Chairman  of  the  Committee, 
Executive  Director  and  two  Consultants  visited  Ecuador  and  Peru  in  January 
to  discuss  the  preliminary  reports  of  the  nutrition  survey  findings 
with  the  U.S.  Mission  and  government  officials  of  the  two  countries. 
Arrangements  were  also  made  for  the  nutrition  survey  in  Chile. 

The  Executive  Director  and  a  Consultant  visited  the  Naval  Medical 
Research  Unit  No.  3  (NAMRU-3),  Cairo,  Egypt,  to  initiate  the  cooperative 
study  on  nutrition  problems  being  established  with  the  ICNND,  NIAMD,  and 
Vanderbilt  University  at  NAMRU-3.   This  creates  a  nutrition  center  in 
collaboration  with  NAMRU-3  to  initiate  nutrition  research  and  its  relation- 
ship to  parasitic  infectious  diseases  in  the  Near  East-African  area, 
including  such  adjacent  countries  as  the  Sudan,  Ethiopia,  Libya,  Turkey, 
Syria,  and  Iran.  Arrangements  were  completed  in  October  by  the  Executive 
Director  and  a  Consultant  for  the  Lebanon  nutrition  survey  to  be  initiated 
in  February  1961. 

Consultants  who  served  on  the  Taiwan  and  Thailand  nutrition  survey 
teams  held  discussions  concerning  nutrition  follow-up  programs  and  future 
plans  with  U.S.  Mission  Staff  and  the  government  officials  in  Burma,  Ceylon, 
Indonesia,  Korea,  The  Philippines,  and  Spain  and  with  FAO  Headquarters,  Rome, 
and  WHO  Headquarters,  Geneva. 

Arrangements  for  Nutrition  Surveys,  1961  -  Official  requests  from  the  govern- 
ments concerned  for  assistance  in  nutrition  were  received  from  Lebanon, 
Uruguay,  and  Burma.   Informal  requests  and  expressions  of  interest  were 
also  received  from  Bolivia,  the  West  Indies,  Malaya,  and  from  Spain  to  assist 
in  a  survey  of  the  Spanish  Sahara. 

Reports,  Conferences,  and  Meetings  Sponsored  by  the  ICNND  - 

1.  First  Regional  Conference  in  Pediatrics  for  Near  East  and  East 
Mediterranean,  Cairo,  Egypt,  March  6-11,  1960.   Dr.  Calvin  W.  Woodruff, 
Consultant,  presented  a  paper  entitled  "Biochemical  Assessment  of  Nutri- 
tional Anemias  in  Children." 

2.  Tenth  Middle  East  Medical  Assembly,  Beirut,  Lebanon,  May  6-8, 
1960.   Dr.  Donald  M.  Watkin,  Consultant,  presented  a  paper  entitled  "Nutrition 
Surveys  of  Population  Groups:   Retrospect  and  Prospect." 

3.  Together  with  Nutrition  Study  Section,  DRG,  NIH,  co-sponsored 
symposium  on  "Problems  of  Nutritional  Assessment  of  Man"  at  Annual  Meeting 
of  American  Institute  of  Nutrition,  April  12,  1960. 

4.  Gordon  Research  Conferences,  August  9,  1960,  session  on  "Appraisal 
of  Nutritional  Status,"  Conference  on  Food  and  Nutrition,  chaired  by  Dr. 
Arnold  E.  Schaefer,  Executive  Director,  ICNND. 
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5.  Symposium  on  Clinical  Nutrition,  "The  Diagnosis  of  Nutrient 
Deficiencies"  co-sponsored  with  American  Medical  Association,  November  30,  1960. 

6.  Washington  Academy  of  Medicine,  Dr.  Frank  B.  Berry,  Chairman, 
ICNND,  June  7,  1960,  "World-Wide  Nutrition  and  Activities  of  the  ICNND." 

7.  Fifth  International  Congress  on  Nutrition,  September  1,  1960, 
paper,  "Sampling,  Organization,  and  General  Plan  for  the  Evaluation  of 
Nutritional  Status  in  Man,"  presented  by  Dr.  Arnold  E.  Schaefer,  Executive 
Director,  ICNND,   Paper,  "Clinical  Aspects  of  a  Nutrition  Survey  of  South 
Vietnam,"  presented  September  5  by  Dr.  Allan  L.  Forbes,  Consultant,  ICNND. 
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ICNND  PUBLICATIONS  LIST  -  I960 

1.  A  Nutrition  Survey  of  the  Armed  Forces  of  the  Philippines,  by  W.  J.   - 
Darby,  et  al.  Amer.  J.  Clin.  Nutr.  7,  657-710,  1959 

2.  Peru:  Nutrition  Survey  of  the  Armed  Forces,  December  1959 

3.  Ecuador:  Nutrition  Survey,  July  1960 

4.  Republic  of  Vietnam:   Nutrition  Survey,  October-December  1959, 
July  1960 

5.  Third  Armed  Forces  Intemation  Nutrition  Conference:  Pakistan, 
October  19-24,  1959  (Pakistan,  Turkey,  Iran,  United  Kingdom,  Libya, 
United  States,  Spain) 

6.  U.S.  I^.^erest  in  World  Nutrition,  by  Arnold  E.  Schaefer  and  Frank  B. 
Berry,  rHR  75,  No.  8,  677-686 

7.  Suggested  Guide  for  Interpreting  Dietary  and  Biochemical  Data  by 
Interdepartmental  Committee  on  Nutrition  for  National  Defense, 
PHR  75,  No.  8,  687-698 

8.  Relations  of  Clinical  and  Dietary  Findings  in  Nutrition  Surveys,  by 
Irvin  C.  Plough  and  Edwin  B.  Bridgforth,  PHR  75,  No.  8,  699-706 

9.  Methods  Used  in  Dietary  Survey  of  Civilians  in  Ecuador,  by  Gerald  F. 
Combs  and  Alvin  C.  Wolfe,  PHR  75,  No.  8,  707-716 

10.  Dental  Surveys  in  Relation  to  Nutrition,  by  Albert  L.  Russell,  et  al., 
PHR  75,  No.  8,  717-723 

11.  Nutrition  of  Infants  and  Preschool  Children  in  Ethiopia,  PHR  75,  No.  8, 
724-730 

12.  Bitot's  Spots  and  Vitamin  A  Deficiency,  by  William  J.  Darby,  et  al., 
PHR  75,  No.  8,  738-743, 

13.  Bitot  Spots,  by  David  Paton  and  Donald  S.  McLaren,  Am.  J.  Ophth.  50, 
No.  4,  568-574 

14.  A  Peripatetic  Hepatologist,  by  Charles  S.  Davidson,  N.E.J.  Med.  262, 
1168-1171 

15.  We  Need  an  Integrated  Effort  to  Improve  World  Nutrition,  Nutr.  News  23, 
No.  3,  1960 
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16.  Sampling,  Organization,  and  General  Plan  for  the  Evaluation  of 
Nutritional  Status  in  Man,  by  Arnold  E.  Schaefer,  presented  at  the 
Fifth  International  Congress  on  Nutrition,  to  be  published  as  a 
supplement  to  March  1961  issue  of  Federation  Proceedings,  Vol.  20 

17.  Clinical  Aspects  of  a  Nutrition  Survey  of  South  Vietnam,  by  Allan  L. 
Forbes,  presented  at  the  Fifth  International  Congress  on  Nutrition, 
to  be  published  as  a  supplement  to  March  1961  issue  of  Federation 
Proceedings,  Vol.  20 
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